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円 Read 伽制10wing par御aphs arld 釧 in 伽 b1飢蛤斤om r-ーで同テー1to r一てij^I W油血e
叩Propdate血nnulas. AISO,611in廿leblanks r^てkj^1,「^てLj^-1 W油 Sui仇blewords.

y

Asshown in FigtlN I, consider廿le in・plarle motion ofadgidbarAB ofleng仕1 2α卸d mass M wi廿1

Uni允nn densi司,,, when i鶴 10werendA iS6Xed onahodzon仇Iplatlebyahinge(rota始ble)a11d it稔11S命'om

anearly verticalS倣eatrest. nemotion of廿leMrca11bede6ned by仕lea11gleofr0倣ion e (clockwise

1刃Sitive),which iS廿letiltofthebar介'om仕le y・axis.Then,廿lerotationarlgle e in廿leinmalnearlyvertical

S仇佃 isassumedto t鳩ar1廿16nitesmlaⅡy smaⅡ POS而Vevalue.1heonlye>此emalfbrwactm名on小ebaris

duetothevertica11ydown、Namgaviw, arld寸le 即'avi始tionalacceleration isden0伽d as g. Thehorimntal

^tion 命rw H a11d廿le verticalreaction 仏rw v atpointA mrlbedetennined in 扮nns of廿le a11gle of

totation e

FiNL 廿le moment ofi11ertia ofthe bar around point A is f、、、^j^1 (one also n此dsto shoW 寸le
dedvation).

From arleq山tion ofmodon 允r廿ler0仇tion amund pointA,
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a11d 丘'om 廿le la、Nofconservation ofener鋤,,,

θ2 (の (2)

C田l be obtai11ed. NeXいet 廿le coordina佃S of血e position G, which iS 廿le center ofgavi匂,, of仕le bar, be

(χ, y),廿len廿leequmionsofmotion in 廿le horizon仇larld verticaldir如tionS 拓r寸leNn伽rofgaⅥり,,G aN

Ⅱle 命110wingtwo eq山tions,resP即dvely

(D) (3)

(E) (4)

Using廿leNsultsofEq山Uons(1)arld (2),廿lehorizon仇lr毅Ction 命rw H arld廿leverticalreaction 仏^
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V carlbeexpNssed Ⅱ1鴨mlsof廿learlgleofr0倣ion e aS允110WS.Note廿lat e arld e carlnotbe 11Sed.

(の (5)H

(G) (6)V

From 廿le above resU16,、Nhen the end of廿le bar(point B)reachesthe hodzon仇I pla11e,廿le horizon仇1

櫛Ction 血rce H is r、、、又i^ arld 壮le verticalreaction 拓rce v is [^でiテ^1. wh即廿le 飢gle of
r0伽on e is f^でjj^1,仕ledir印tionof廿lehodmn仏lreaction仏rw H charlgeS6・om r^IRj^1
.。「πる、刀
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[2] A sateⅡiteorbits inacircularorbitatahei帥t h above廿legoundwi廿laspNd u (FigtlN2). ASS11rne廿lat

Ⅱle Ear仕lis a perfectsphere ofmass M a11d radius R wi廿I uni血ml densiりノ(Nn佃r ofgl'aviりノis at廿le

Cen鴨rof壮le Ear仕1),the sa扮Ⅱi扮 has masS 111 a11d negligible si鴎, arld n0 允rw 0廿lertha11廿le 拓rW即Ven

bythe la、Nofurlive脚lgavi倣ionaC6t)etW代n廿le Ear寸la11d仕le sate11ite. FiⅡ廿leappropda此arlswerS血r

(a)hoU帥(k)inthe血ⅡOwingblanks.FiⅡin l^ W油an叩Propdate命nnulaarld l^W油
asuitable phrase.

In tenns of廿le universal consm11t ofgavi仇tion G,the universa1 拓rce of即'avit威ion F aC6ng on 仕le

Sate11ite,is expressed aS 仏110、NS.

F=(a)

E三・Ea

υ=(C)

nelower仕leni帥taldtudeis,廿le (d)

Since F iS廿le cenuipeta1仏rce 命rciNularmotion 、Nith sP鴫d u,the eq山tion ofmotion is expressedas

員)Ⅱ0、NS.

111en,廿leai帥tsP伏d u of血esateⅡiteontheciNularorbitca11beexpressedbya6.1nctionofhei帥t h.

30f 5
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NexL considerthemsewhen asa佃Ⅱite廿1鉱hascompleted i鶴mission isdmppedt0廿le 即'0山ld. At廿lepoint

A in Figure 3,廿le sateⅡi佃 iS 6rst d此elera佃d to uA to shi介 into a11 eⅡiptical orbiL a11d when itreach鉛廿le

PohltB on廿leopposi扮 Sideof仕le Ear廿1(aM加de h/i'2),北isd此elerated畩) UB arlddroppedhalfagaint0廿le

P0註ltc on 廿le Ear廿1'ssurfaNjustbeloW廿le pointA.1hechatlge in 廿le sa妃11i佃's mass duetod此eleration is

assurrledto be sU伍Ciently sma11加be negligible.

Sate1枇e 1π

A
UA
h

C
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Genera11y,廿le m@joraxiS 2α of廿le e11ipticalorbitis de佃nnined by 廿letotalener禹, E a11d is expr郎Sed by

伽e 拓110Mngeq山tion.

GηIM
2α
-E

A介er廿lespeed isreduced 行om u to uA atthe pointA,廿lem可oraxisof廿lee11ipticalorbitshouldbe

Earth
M

(e) topasS廿lmU帥廿lepoint B. Assulning廿lat廿lep0扮nualener鋤,'iS鵡熊)鉱inflni佃diswlce

■・・'・・(.)

h/2

せle 血110wingequationscarlbeeS仇blished.

B UB

Figure 3
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By rearrarlging廿lis,小e 血110whlg is obtained.
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Note壮lat廿le spNd u' when reaching寸le point B is expressed aS 血110WS 行om 廿le KeplefsS釦ond la、N (a

Iawofconsta11tarealvelociりノ).

SO,υ会iS ω廿印υA.

U)⑩r卿ht0廿lepointc. Fma11y,theS武ωυCwh帥t御hingthepomtc isexpressed岱命110WS.

UC=化)

UA=(g)

Ui=(h) UA

A介er廿lespeed isreduced6'om ui t0 υ8 atthepointB,them@ioraxisof廿leeⅡipticalorbitshould be

111US, by con廿011ing寸le speed at廿le appropriate 1卯ation,仕le sateⅡite carlbe droppedto a safe pointsuch as

a11α》ea110radesert.
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