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Problem 1

As seen in the figure, two spheres of mass m and a third sphere of mass
M form an equilateral triangle, and a fourth sphere of mass m4 is at the Q
center of the triangle. The net gravitational force on that central sphere

from the three other spheres is zero. (a) What is M 1n terms of m? (b) If

we double the value of m4, what then is the magnitude of the net

gravitational force on the central sphere?

NEFTR - EE2/mAIMENKEFMES/MIE —KELNSTE= 9
Bt - EEfAmRISHKEE BN - REBEM—EPkE P 4
DIKRBENRE - (M= m? ()WREm MENE - BBEF
LI ERFEINA/NZEZ D ? (02/)\eR)

m m

(a)M=__ m : -
r=£/2c0s30°=£/ ﬁ
01: ANS:=1.0
(b)F=___
Gm my . | Gm,m
02: ANS:=0 2F = 2[ J sin30° =3 ;"’4
re pe

J Gmm __ Gm,M EARMIHHM,EEE4ET - EibHT

q

4 (,,_,,.@)2 RELNESEE  SHNIRAE -

m=M.




Problem 2

(a) What will an object weigh on the Moon's surface if it weighs 100 N on Earth's surface? (b) How many Earth
radil must this same object be from the center of Earth if it 1s to weigh the same as it does on the Moon?
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(a)W= N

(b)how many radii? r= Rg

04: ANS:=2.4

(a) The gravitational acceleration at the surface of the Moon 18 g0 = 1.67 m/s” (see
Appendix C). The ratio of weights (for a given mass) 1s the ratio of g-values, so

Wooon = (100 N)(1.67/9.8) = 17 N.

(b) For the force on that object caused by Earth’s gravity to equal 17 N. then the free-fall
acceleration at its location must be a, = 1.67 m/s”. Thus,
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a, =—=Lt=r= E=15%10"m
S = a,

so the object would need to be a distance of #/Rg = 2.4 “radi’” from Earth’s center.



Problem 2

One model for a certain planet has a core of radius R and mass M surrounded by an outer shell of inner radius
R, outer radius 2R, and mass 4M. If M = 4.1 x 10** kg and R = 6.0 x 10° m, what is the gravitational
acceleration of a particle at points (a) R and (b) 3R from the center of the planet?
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(a)a,= m/s?
05: ANS:=7.6
(b)a,= m/s?
06: ANS:=4.2
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(a) The gravitational acceleration 1s a 3 =7.6 mVs
_ G(5M) -
(b) Note that the total mass 1s SM. Thus. a, = —=42m/s".



Problem 2

Certain neutron stars (extremely dense stars) are believed to be rotating at about 1 rev/s. If such a star has a
radius of 20 km, what must be its minimum mass so that material on its surface remains in place during the
rapid rotation?
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Mmin=— kg
07: ANS:=4.7E24

Solution:

From Eq. 13-14. we see the extreme case 1s when “g " becomes zero. and plugging n
Eq. 13-15 leads to

_GM

3 2
0= gt s a0
R_

Thus, with R = 20000 m and @=2r rad/s, we find M =4.7 x 10 kg = 5 x 10" k
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Problem 2
Left over from the big-bang beginning of the universe, tiny black holes might still wander through the universe.

If one with a mass of 1 x 10" kg (and a radius of only 1 x 107® m reached Earth, at what distance from your
head would its gravitational pull on you match that of Earth's? Treat your body as a point particle.
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mini black hole's distance from your head= m

08: ANS:=0.8  The gravitational force from Earth on you (with mass m) is

where g =GM_ /R. =9.8 m/s”. If r is the distance between you and a tiny black hole of

mass M, =1x10" kg that has the same gravitational pull on you as the Earth, then

GM,m

I =
& 3"

=mg.

Combining the two equations. we obtain
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Problem 3

The mean diameters of Mars and Earth are 6.9 x 10® km and 1.3 x 10 km, respectively. The mass of Mars is
0.11 times Earth's mass. (a) What 1s the ratio of the mean density (mass per unit volume) of Mars to that of
Earth? (b) What is the value of the gravitational acceleration on Mars? (¢c) What 1s the escape speed on Mars?
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10: ANS:=3.8 ,
R i 2 ! S 4 1. o - -
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Problem 4

A projectile 1s shot directly away from Earth's surface. Neglect the rotation of Earth. What multiple of Earth's
radius Rg gives the radial distance a projectile reaches if (a) its initial speed 1s 0.500 of the escape speed from
Earth and (b) its initial kinetic energy is 0.500 of the kinetic energy required to escape Earth?
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(a)the distance it reaches, r= Rg
12: ANS:=1.333
(b)the distance it reaches, r= Rg

13: ANS:=2

(a) From Eq. 13-28. we see that v, =,/GM /2R, m this problem. Usmg energy

conservation, we have
1 ) _ .
5 MV — GMm/Rg = — GMm/r
which yields » = 4Rg/3. So the multiple of Rg1s 4/3 or 1.33.
(b) Using the equation in the textbook immediately preceding Eq. 13-28, we see that

this problem we have K; = GMm/2Rg. and the above manipulation (using energy
conservation) i this case leads to » = 2Rg. So the multiple of Rg1s 2.00.



Problem 5

The Martian satellite Phobos travels in an approximately circular orbit of radius 9.4 x 10° m with a period of 7
h 39 min. Calculate the mass of Mars from this information.
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: 2.3 2 63
Solution: M — drter _ 41 (9.4 x 10 ) 6.5 x 1023
GT?  (6.67 x 10 '1)(2.754 x 10%)2
The Sun, which is 2.2 x 10*° m from the center of the Milky Way galaxy. revolves around that center once
every 2.5 x 10® years. Assuming each star in the Galaxy has a mass equal to the Sun's mass of 2.0 x 10*° kg,
the stars are distributed uniformly in a sphere about the galactic center, and the Sun is at the edge of that sphere,
estimate the number of stars in the Galaxy.
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the number of stars in the Galaxy=

%i ANS:=5.1E10



Problem 6

Two concentric spherical shells with uniformly distributed masses M7;=M 1 and
M>=M 2 are situated as shown in the figure. Find the magnitude of the net
gravitational force on a particle of mass m, due to the shells, when the particle is
located at radial distance (a) a, (b) b, and (¢) c.
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(a)r=a, F, = [M_1,M 2,m,a,b,c,G]

16: ANS:=(G*(M_1+M 2)*m)/a**2

(a)r=0b,F, = [M_1,M 2,m,a,b,c,G]

17: ANS:=(G*M _1*m)/b**2

(a)r=c,Fy; = [M_1,M 2,m,a,b,c,G]

18: ANS:=0

."\ J‘z



A 19 TEszE- 1582 (TEEENT  EAHIMEE ? (ARE B)WRIE (O)FE

Solution:

RE= MNINTEEDE TR - SEECE  THENEBEZA - TEIXGZENENVESZRBHEBNESE - HItEiiH
BABET - FHRENERIFEEERA - Z2R M HENEBLEAEAERENINE - HItHEHRNEE ZA - TEREFHBREAIIN
& ZNEEREEAETHNRERR -  IRETECNEENR T HHMMTERNRERR -

b nTEFzE-148-2 WBEEELSEHANEINE? AWYE B)EHE OEHE O)BEME (BE)L2EEMER

_c o gBsEwm-148=2 aE NB—EMEEAIE DNEERA ? RERIIKAFEE AR - (A)FREEO0.25RE (B)REEE
H00.5REE (O3 (BEEBE/ORE) (D)EEBEMI/\.5REE (E)EREEHN/C2RER (F)ERBEMN0.IRE

Solution:

BNNREEZ R ORIERE - HREB (LT RUBREN - KA ZEMEEM - L 2
RZEMEF I RICER - g

6 nuBExE-14%-2 A0 NB—EENENINEER/) ? BRERIMIKAFERAR - (A)
FEBfI/000.25RE (B)EEEEMT/0.5RE (O)ithER (BREEH/ORE) (D)EEEEMIO.SRE (E)FE
BEMLORIE (F)EEBEHN/CO.IRE (G)HT/G

Solution: R SR 3R r

FEMOERAREHE - FrANBEEi O ENKS| A EGHEP IR - HIEEMOKNED=0 - gl SHnExmEesn0bez&nsG
Eﬁﬂ/t\ SEWa HD%E%% - EtERAEESEEN ETHEZE

RETARILEE -

A

ZQ ZQ

_p_ nasExs-148-2 WIKAUENMNEEE NICIEMERR ? (A)IKES B)MMIKESRMIKABRIFE
(O)ihFRFLE M BEAAY (D)IKNE S EMIKAFE (BE)itnIK QBN E R E A ERIFE

Solution:

g=Me b IRHE E(Mp) iR KR (Re) BB,

» I
RE




D uEEHxE-14%=2 MRMIKPOFRE/NREFERW—F  BHIKOESANE - AIMIKWENNREERSR ? (m/s?)
(A)9.8 (B)4.9 (C)2.45 (D)39.2 (E)19.6

Solution:
9= JRRMFHREL -
E

B suBFxs-148-2 B NIIZRERERE  OZRBEREEKR? A)EE BRHEZEE OFT2 D)EE

£ wuEsxe-198-2 NI—REERENRERESERN23? (AYNTE B)TE OXEG DBRRERE E)FPF
2 PEEZEE O6)XF

Solution:

A poEszs-148-2 PFENFELEYREZDAE?2 (A0 (B)0.2 (C)400 (D)2000
(E)6000 (F)20000

Solution: lfl :;{L
hZELEEH IR  CHSNPERERTERECE - RSN B Y— - B -
ERLME 5 BETZER ZRAREDES  SUMASEKESHETEREREEUER & e

EEES - A EHEHEBENTENIIEYESE HES S SRR LBE  AuERRNEEEEERERNES B

BHEEE  IBERBREEENAR  WENALEE KEBHENORZEE - PFERFRR - ORENBHEN P FERE BF
HEEZEAZINBREEEAMMETHNEFHABEFEL P BERANRATHLRE - BREEREMSR - BRER #hA)
BEERTAES  ESRERMETNERKERSSEERE Holgc8 I —H—RAERIk - BUARR - ICRKHEE Ik
£ - —RHEANPFEEENTRNAGEEN13532.11F - FERIFI02200B 7 -



re nTAEExE-145%-: PFENBENRAGHIETE?(A)0.01 (B)0.1 (C)l (D)I0 (E)L00 (F)L000

Solution:

D rERREREEREE  KHENAEZFTEHEREZE - dERASNIRENY — - REER OIS » &2~ RSTER
ZRERETES  BEvfELEENBETTRRERIUEGRE SPERIEE - AEREFEBEIZBNINEVERENESIE
mEREZOETE - BoEEERSMREEEEBEARERINGESE EXTEHMERIF - B REREEENAE - BRENAN &L
WERKMARZE - PFENEE - ORERBHENPFENSE BT EEEZRAZINEREEARMEPHNEFFABFEIL
HolBEE D —B—HA A EEIMEK - BUARR - WKEERKEE - —BHENDPFEEENTRAGEEN1.3552.11F -
FEAFEI0R200EZF -

_c waggzg-158- RPN KESVEEE  URELE—E  2AVYMIE BITE OBZE D)TFFE EER
£ (FEF

_F oTEFxE-148-2 ZMENREEESMERILENTDEANEE @ AREENETEFHEI MM —EAT? (A)
W=FS B)K=1/2mv* (C)F =ma (D)V =IR (E) E=mC(C?

Solution:

EMEaRFLOFEESNEERIESESN - ERA ZIEBRKERFTMSHNIER -  MagBIRR T - RIRFHNESLAIIERT M E
IRFHNESE/ KRENESEBRNGESE - HPERINAT R e REHERZaNEmEa Rz -

E = mC?



o sne: BMBEPNERTRIRNERT UM A) EEZENEENLERE B) 220
MIKFES (O PEARERREE (D) EERSNERERE £ BRORSMRE F) TENNESESE
Wi s

Solution:

TaRFAMExZE BEATKBETHRERERSEEZSRIFENERS  RAFRNERFAEHBTIHNBRT - %E
EEERBHZMEREFMERLR  -MEAEENHEE  TRENBRTFZAS REBAHEXNEE SRS EHEREF -
%%E?%WE?E%%%%%W@E%$*2%%%@%%@%K%'%LEQMEEZQL%E?R%EEWE%ﬁm»
SETNBEAM—NHEERE  —HEEFMNESHNESRAFFRNRI I CEEERFT—KHNEERFEZP - HAHXEZ
sk —EEINA T - BAEMIK EFER - FEFRBEENMAYE - B2 —RNEEARMMRE - THEBEHE
RIEZ BT EESI B ILFIFAA -

_a nagszxe-158-2 NIB—BEXMEFHANEHARAZEFHRERZAZER? AOEN BED (O] (DR
fEFR7 (E)SBIERN
Solution:

EBRMOABERPANEEEANZEIER - FIBREANR OFHREERATERDERNZEFE - ESUHES VEGFTEE
N BUABH/EFEET T RFRAGFEERX RTINS AGERT] - @R EFRANKRES2RETE NP A
B R TEFEPFERFZABEENNE - IREFRNEEEANR A ZBERENIRE - TERBNYENRESE
=ZVEBNRILNESFERNET - HERITSETHREKRG -

_c_nasgxs-145-: rffURKXGETENIER:  TRRTESERHEFNER - B FIB—EAXERt =S 2T
EEFE—"TFTR?2ATxr BT?*xr (OT?xr® OD)T?* xr? ET xr® (F)T x r?



