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Circular Motion and Gravttation | 3L lnettia iz Space

W naTe

Scenario

A doagheut shaped spoce sation is bailt for oway fom the /
grostational felds of Eorth and other massise dodies. For the consfort

and safety of the astronsuls, the space station b rosted o cseate an

anificsol ieterned grosity. The rostion speed is such that she apparm!

areebraticn dew A3 grooity af the caler surfoce s 9.8 mis'. The apoce

slation rodates clockuue

Using Representations
On the image ot right, siketch and label vecton St represent the
velocity and

The S0t o right sepeesents the asbonast standag in the space staticn.

Dirasw & Bow Dody Sagram showing and kidwlicg Se forows (nof corponents)
onrtec om S astronast st G tredant shown, Draw the ndative bagite of

all wectons to reflect the magritucies of all e foroes.

The astronant drops 2 ball. On the Sollowing diagrama, shetch e velocity and

acoekesation wectors or the ball as seen by an observer cutside the space sation
0 des bortial Braene of relosonce. Those st NOT bee body diagrans.

After the boll is refeased and
before It hits the Soor After the ball bits the fiaor

27T 0RREES

From the pomt of view of 3 persoo watching from outside the space station, what doss the path of
the dall look hise?

A outgide the stalion sees the pall travel
dirccﬂy to the left until it lmrxls aﬁﬂn with the “floor™
:&mdmdhmm&hwm.md—hwﬁdhﬂ

Thea_strm"mid;llusrmsbﬁmugsf}ehﬂ
tobardkd"dmwwa"mdlolkrl?u(#omﬂc
astromaut’s point of view)
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Scenario
The mass of Mevs s 1710 nmes shar of Earty; the dhameter of Mars e 1/3 that of Earth.

Quantitative Analysis
Panr A Derive the equation for gavitational, g, due to a plaset.
GM M,
| AT Y T
A ,\_ ]
- G
'S
MRS Lat 7 be the grasitaticnal Seid strength on Earths surtace, Derive an expoesssion foc the grvitational
fiedd on the surface of Mas without pligging @ a wahee for the mass or radies of Mars. Your

answer shoul be a munbey multipiied by g For each line of the deriwation, expiain what was done
mathematically (e, ansotne your derheation).

The acceleration due to ty on Earth's

"--:,u:,': surface is related to the mass and radius of
el %v’nth&rdt&a«sﬁrsf«dcmassd

'-n"(“”"l’-' radius of Mars in terms of the mass and radius
il of Earth:

b GIM L) ’ .
e ey | SimpliFying

e bl Simpltying

The acceleration due to ravity on Mars is
Raan = 81 arrro:-'matsly:éx the ation due to ynvnty
on Earth, or about ¥ m/s*

Argumentation

PART C A ok i dropped 2.0 seters above the sutface of Mars. Does this rock S 2 losger oc & shorer
tirrm 1o fall than a rock doopped 2.0 m above the surface of Eaeth? Justily pour anewer without
usirg equationa

Tkuuknb’mduclo’nvitymmsiskuthna\iwtl\
Tkrefwa.itwi#bknlau,orto#ﬂl&amdism
on Mars
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3 M Geavitational Prelds

On the isternet, & student $nds the falowing equation for the time an object will talke to fall % Se

ressnd frean & hight v, depeceding o the mass and radics of G pset the abject i cn: ¢ = ’lﬁ_

Reguediess of wheter this equaticn i corsect, does It ageee with your qualitative reaserdng in Part C7
Tt othver worde, does this egquation loe ¢ have the d d di s d in Fast C?

X s No
Briefly explain your ssasoring without dervimg an equation for f.
Both the mass and the radius of Mars are spaller than
the mass and radius of Earth, which leads lo a swaller
uuk-nﬁmmdahrrrtimforamhdld,htfks
ion shows that i¥' M and B are both spaller, the time to
Mshouldbebrysr which is what we predicted.

Arothes soadert Seriving am sguaticn Sor tho time it tales for an obiject 1o fall from height h makes a

mtake and cormes up wi |- "’-Lm Withost derrang the comoct equation, how can you tell
that thés eguation s not plausie-in other woeds, that it Soes not malke phpsical sense? Bradly
explain yoor reasonisg.

H‘youbwcascthclm‘ thtucob}cdis(hm:’#mlk
time Mdn‘tdwem%kwhtthsqnﬁmuysuu
theudbdoqd,bem#‘w
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Scenario
A stadent i gien e following set of orbviad dota for same of Agpiter's mooss and (s asked 45 ase the
oty 80 desermise the mass M, of Supiter. Assarne thot the oebits of these mooes ave crafon

Orbétal Period T Orivrol Rodiwe R

seconide) (mxters ") ()
208 % W0' 112 10 3 x 10" 140 x 10%
248 % 10" 126 % 10% 62 x 10" 200 x 10%
05X 10 174 % 107 164 x 10" 500 x Io*
500 % 10 200 % 10* 253 x 10" | &24 x IO~

Create an Equation

PART A Wraw an ot the d Sorcw Between Jupier asd cne of ity mocas.
Fow MM,
o r

PART R Use your expression foem Part A and the sssarmption of cireular cebits to dertve an equaton lor the
artatad peied T of & moca as & Sancton of its orbitald radies .

"'Wk'u Lk‘.aibru oi‘yr:ty bdwm Jurlbrandm
its moons can be written

Mo Where the force of gravily is the centr
" ’ Mxrc&pﬁ%fwh&r‘vhmhwﬁt

LT o.mﬁ.-’zudthemoﬁ‘km
G, A’ Substituting in " for the velocity

L] ~

w8 Solving for the mass of Jupiter

s '(::' Period squared a5 a flinction of radius
Data
manr & Wiaich quantities should be graphed 1o yield a straighe loe whose slope could be uend % determime
the maes of Juphter?

The period s?wcdihaddbeﬁnrkdvsﬂ‘rdmof
oreil cubed.




3.N Newtoa's Law of Universal Ceavitation

Complete the table by caloulating the two quantities to be graphed. Label the 1o of coch codumn,
Inchading usits.

Plot thw grap oo the wom below, Label the axis with S virlabies wsed and appropriate b %
indicate Bw wale.

-
=
IREEE IR ] IR XN I3 IRE
| Sl Eessd aass s AT
'.' +rrrgrree T 008 AR08 B ? IQ e
& HEHHH 1 IS8E hassasany_ sna Hr
X
A IaSs sunaE >, b
1 1 8" 11 1
1 ot 1
T 1 T
5 + + -
BESES Suue + “.,(. ceeete -
Ius EEEEEREES
4 3
S HHHS ISSEI SIS SENNANEREE R EE
” aal 1
3353350 -AEURSE FESSE FUSTRBRERE REE S
' 3 ”
: 1 1 1 In
I3
‘ees b/(?- \ 11 12228 2 IR 44
IBSES 488 4 IOSE BR8N 8¢ 4 +e
LR + IR R * " LR
regrery 1 RS SRARE B 1 e
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Two identical probes ase sent 10 study one of Jupher's moors. Probe A Is s geosyncheonoos orbit
anourd e moon while probe B rests on the surdace of the mocn and rotates with the moon.

Rank the s of P foll d fooces froem grmatest B beast. If two o mcce
quATSties are e samie, 317 30 clearky,

& The force of the moon om pecbe A

B The force of the moon o= pecbe B

€ The force of jucbe A ta the meos

. The force of peobe B an the moon

. The force of pecbe A ca peobe B

£ Thw forcw of pucbe B on pruke A

Const P = PS A=C5F =F Lum

Justily yoee sanking.

Newton's third law states that A = €. B = D, and E = F since.

these are action-reaction The force of M

on the masses snd the distavces belween the masses. The
abcs’msesncso&ynbﬂvctothsmofl}nm

that the gravitationd forces described in E and F are tiny

ed to those in A, B, £, and D Since the force of

Wtydwdcrcndsmdcddmhtm«&e ji

Scemrio B = D is larger than A = C pecause the distance

belvieen the moon and the probe is smaller in Cases B and D.
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PART &

namr BATY

™ Mass Orbitad Andius  Ordital Peviod

Angels, Woke, and Corlos are stydang

the diots tabie 0 Ohe night. which shows T e T heng breorsd

the moss. orbin sodias, aed o) peviod Mercury ann sre CETT

of four planets. rzmum«:n;«u Werus s 1062 cets

m:m dimgree adowd

Acpperta. Thar ogunests are o followe: arth s 1428 oo
Negtune Wz 4851 184

Angela: “It apponrs That the reore mass & planet has, the Jonger [is period ' This is bocaose mose
traaaiee obiocts ave mose dUNCUY 16 oowe, 50 these cbiocts mow slower i i orbits.

Bilake: “No, all the plasets move o the same speed around the s, But planets with grestes orbital
madhess st make Jonger ciroumdrcence arbits, cmsning thetr arbital periods %5 be grestes *

Cazloa: “I is the case that Gather radiun planets must make Surther circumdosence orhits, ng the
farther planets aleo go slowe: Decaose Moo s beas gravitational force actng on them ™

For this problem, consicher cne planet of mass o making @ cirosler ot of redus Tl seousd e sun
(mans M), Lot v represst the speed of the planet as # orbits the sus and T be the orbital pericd.

Create an Equation

L vrh base for g wndd contripetal foron and s equation et relstes
wpeed and period of ciocular motion, derve an expesssion for the arbital period of this planet in terma
of R, M, v, and phywical constants as necessary. Note that & may be helptul for Past B foe you to

number youw steps 00 Bat they can be selerred o laler.

Swp 1
P A
A ri

Swpd .
GM M, M
& »

Step 3

L. >
X

Step 4 .
Gy e’y
n -

Swp s

r RS

N,

A R’
T Gu,

Thefwaeoffwityhhvunutmud“
oFUurhana‘s
Itb%ﬁhﬂaﬂfuxh&ﬁsm,wﬁcﬁh
Unu&iroﬂfwu.kddﬁyd-rbsthwh‘t
Divicﬁv,boths’dcsbydnmssofdcrlut
MM%M‘!IM&‘WR.

Substituting in the. eqpation = Lor the velocity
omurf?u, d

Multiplyi bothﬁdcibyk(cwcﬂdhrc—thk
doesn’t cancell)
Thrc:iodof‘aﬁtisu&edtohndho"




3.0 The Gzavitational ¥orco

Argumentation

Your weark i1 Pact A com be used 1o support or pebute the anguments of the Sree students. For sach
studest, explain which arpects of thetr ressoning is comect (i amy} and acorrect {f anyd and e
steps of work from Part A (not your finad answer) and explain how that s sepports or refutes

each aspect.
i Angela

Azdﬂswr
T mauo:’

Unrhnthsm
effect on the

arh'hlran'od,‘ﬂu
MlssoFUv‘rlmot:
carcels out in
the calculation

i Buke

Blake s also
incorrect 2

shows that the

sre‘du'ntarhnst

| orbits the sun

dcfnndsa\haw

A it is from the
‘sun He is correct in

kis, thinking that in

ak

Lve ==, the b v
‘isU;iar;z";
but thal assumes

' an incorrect
'statement that all

the

ts have

& Caks
Carlos is correct.
There is less
tational force
on the s that
vc(k@hor#om
the. sun |7, = |
and there is a
dmrsrood-!‘or
ﬂrd-urlwnts
according to




