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Problem 1
Answer the following questions:(PART.1) (09/]\E8)

(a)—BEECOAT NS FEME LSANENGE__ 4tmr [=W=wq=torhi=sd
01: ANS:=588 4z 4

(b)ITEESF - FiTHRRM®E ? 1=taster, 2=slower

02: ANS:=1

(REEZEEZHORUENE? 1=K, 2=8l%,; 3=EiE,; 4=HEHSR, S=8ZHE

(d)zERB FRIM—EtZBNENMRESA ? BEMBKANEESR - 1=FFE#0)0.25RE; 2=FFEki/\0.5RE; 3=tz (FEEEH{
RE); 4=fbEf/(\1.5RE; 5=t/ 2REE; 6=FREE/(10.1RE

04: ANS:=3
(e)MBHFRATH M/ NBERA — ¥ . BB B R BE .
It Bk B S RIS m/s2
05: ANS:=39.2
64 g
th K?_ R_} > = 4—3

=¢F8)= 372



(HEMTEEHE _EENERSEHETE  SATEHEINEESN PN ERENR— {Elk_'fi?l:@]%\ HERE; 2=88:

HERE; 3=NERTRER, 4=RIETEER, S=4BEHE_TF, 6=RN=TE, 7=ERTE, 8=LIETEE, 9=fEH L

ERNER
06: ANS:=4
(Q)XEREES0.64 x 10** kg - #8534 x 10° m - FAFE4TENSENEEHEXENE HINEEL m/s2 . EHE

G=667x101
- . GMyrars _ 6.67x10710.64x10* g 1

GMars —

07: ANS:=3.7 T (3.4x109)2
(hE—(e#@ExEERRFR160A 2SNt S EE 0 ETEIRES  F1ESEEEEINEEv=_ m/s
08: ANS:=7820

(i)follow (h), FrtEEEEE2&Mm 0 EEESMNERT=_ s

09: ANS:=5250

= 7.82 x10° ms.

V=

6.53x10° m

GM \/(6.67 % 107" m? /s? - ke)(5.98 X 10* kg)
-

27TF 53x10° .
p= 22 ZHOSIXW M _ 5 o5%10%s.
v 7.82 X10° m/s

= | 6 (ar)




Problem 2
A ball of mass 7.2 kg is orbiting Earth at an altitude h of 350 km 1n a circular orbit. Mass and radius of

Earth are 6E24 kg and 6.4E6 m, respectively. G=6.67E-11. (07/)\Z8)
r=R+ h=6370 km + 350 km = 6.72 X 10° m.:

(a)the gravitational potential energy of the ball in orbit, U= ] GMm B GMm
10: ANS:=-4.28E8 U=-—— - 2r
GMm . - GMm
(b)the kinetic energy of the ball in orbit, K= ] E=—— = E=K+U-= — 5
2r -

11: ANS:=2.14E8 (6.67 X 107" N-m?%kg?)(5.98 X 10 kg)(7.20 kg)

(c)the mechanical energy of the ball in orbit, E= ] - (2)(6.72 X 10°m)

12: ANS:=-2.14E8 —214 X 103 = —214 M. (Answer)

(d)the speed of the ball in orbit, v= _ ZK é QT‘“‘" s (2 o
V= J = Q12X i0

13: ANS:=7.72E3 6.2 x10®

: N GMm

(e)the mechanical energy of the ball on Earth surface, E= ] On Earth. 7 = RE, i =

14: ANS:=-4.375E8 E

(f)the work to be done on the ball to place it into orbit= ] work W = AFE = E(Rg+ h) — E(Rg)

15: ANS:=2.235E8 AE = —2.1uxid - (- W375xest)

(g)the escape speed of the ball on the surface of Earth= m/s = 2.235xcs¢ (¥4 = W

16: ANS:=1.12E4

¢
Lovl 8 xd ‘*“/g,




Problem 3
(a)An asteroid, headed directly toward Earth, has a speed of 12 km/s relative to the planet when the
asteroid 1s 10 Earth radii from Earth’s center. Neglecting the effects of Earth’s atmosphere on the

asteroid, find the asteroid's speed v; when it reaches Earth's surface. (02/)\Z8)

vy= m/s K;+ Up= K; + Us. GMm 1, 2 GMm

£ i -
17 ANS:=1.6E4 Rg 10R

(b)A very massive object exists at the center of our Milky Way galaxy. The evidence is the observation of the S2

star orbiting the unseen object with a period of 15.2 years and with semi-major axis of a = 1.42 x 10 m. Find
the mass of the object. mass= kg
2GM ( 1 )

1__

18: ANS:=7.35E36 V=2 +
J RE

(12 X 10° m/s)?
i 2(6.67 X 10" m¥kg-s?)(5.98 X 10°* kg)
6.37 X 10°m

. 18 212
dir %3 S vy = 1.60 X 10* m/s

GIT7?

10

o

0.9

47r2(1.42 X 10" m)?
(6.67 X 107 N-m%kg?)[(15.2 y)(3.16 X 107 s/y)]?

= 7.35 X 10% kg.




Problem 4
Comet Halley orbits the Sun with a period of 76 years and, in Geometry of an Elliptical Orbit
1986, had a distance of closest approach to the Sun(see figure), |
its perihelion distance R,, of 8.9 x 10" m which is between the

orbits of Mercury and Venus. What 1s the comet's farthest perihelion
distance from the Sun, which 1s called its aphelion distance R,? e

(03/)\&)

Planet’s
orbit

Semi-minor
Axis, b

Semi-major
Axis, a

Aphelion

(a)the semi-major axis of the orbit, a= m 2 4 X 1 09 S

J G.,"/[Tz ) 173 l .gg >< 1030 kg. Eccentricity, e == or el = n—_,

Blfy=___m "= ( 4o 2 12
\ ‘TT— -
20: ANS:=5.3E12 = 2.7 ¥ 1~ m.

19: ANS:=2.7E12

(c)It is observed that the speed of the comet is v, = 5.5 X 10* m/s at perihelion, r = R, the nearest point. Find
its speed at aphelion. v,= m/s

21: ANS:=923

(8.9E10)(5.5FE4)
TpUp = TaUaq = Vg = = 923

5.3E12




Problem 5
In the figure, three point particles are fixed in place in an xy plane. Particle

.
A has mass m, particle B has mass 2m, and particle C has mass 3m. A i
fourth particle D, with mass 4m, 1s to be placed near the other three
particles. In terms of distance d, at what (a) x coordinate and (b) y B9
coordinate should particle D be placed so that the net gravitational force d
on particle A from particles B, C, and D is zero? (02/)\g8) _ 154 |
C A
(a)x= d
22: ANS:=0.716 \%‘f /; @( F’j T gﬁ,}( J % ’ich e ?P = 9 )= (%o 4. )0
e , = < v g Z
(b)y_ d /153\ Ai{ U:E_ léf{fpmf})‘iﬁz,{fﬁ/go \/ :[_‘Au‘*'\fu ]Ol
: (== o =! ~a 2 L =2 404+
23: ANS:=-1.07 " o | BTy t
F/a B Thc by~ B
, 2 & (awm”) &
- - [ A 0 [ G~ - — i S (i
FA\E: i(-'%—jj:iﬁ'ajl'ﬁ‘n_ o2 Yt y2)d X4,
1 -
:'__: .C_:.};—(-—ﬂ—")' )?hll-))?)%%/j ’.L:L;.f = Tl'ubu.f Xﬁi.'-?:& = ’\bbk{d
e U sd)” L
l‘;'jg ,—\1 —) Tta =
=3 A 2\ . '_u = 133} Jr s
j ;-:j L \ﬁlgg%”}b:’gﬁ-’j ?(\3 r)?‘
tpD_ - L L AL) 2 L
: L.ju': —L3 % X+ (Hen) =L



Following previous problem, find the potential energy of the system with A, B, C 3 particles in their
places. U,= (01/)\EB)

Ug=— [m,d,G] "'
24: ANS:=-G*m**2/d*7.328 '
b e
U: U@BF UB‘CTU{T'A d
_ 1.5d | .
- :_EM 4 —Eﬂ'fﬁ'hﬁj '”"J C | ®
ii ng’b:}cﬁ\ |-":r5£



Problem 6
A solid uniform sphere has a mass of 1.0 x 10* kg and a radius of 1.0 m. What is the magnitude of the

gravity located at a distance of (a) 1.5 m and (b) 0.50 m from the center of the sphere. (02/)\E8)

M 1.0x10%k ,
m/s? p= : o= “i =2.4x10°kg/m’.
TR 47(1.0m)

(a)forr=1.5m, g=

25: ANS:=3E-7

Iy T
(b)for r =0.5m, g= m/s? ;. =Gm—:f*°'“’ :11;(3.{}}{10" N/kg).
4
26: ANS:=3.35E-7
LN T T g < Gmp|(2 - )
M *ﬁ'{;m' ]“1-33’{10 kg. F_.l= p[; =:;;J'[6.?x10_" kN J
=L r (g-m

Following previous problem, Write a general expression for the magnitude of the gravity at a distance
r < 1.0 1.0 m (inside the sphere). (01/)\Z8)

inside the sphere, g(r)= [r]

27: ANS:=6.7E-7*r



PART.2: Consider a spherical asteroid whose radius is R and whose gravitational acceleration at the surface is a.
(a)What is the escape speed on its surface? (b) With what speed will an object hit the asteroid if it is dropped
from h above the surface?

(b)escape speed, Ves-= [a,R]

28: ANS:=sqrt(2*a*R)
(c)the object hit the surface of the asteroid with speed v= [a,R,h]
29: ANS:=sqrt(2*a*R-(2*a*R**2)/(R+h))

—GMnmi/R + Yaim™ = 0. GMm GMn 1 -
- = +—myv..
GM/R = ﬂg‘R. R+ h R 2
) a, R’ 1,
—agR + V" =0. -—~f —=—-aR+—1.
R+ h d 3

-
V= 1|||JETFR EH-TR_
- v=,]2a R — ———



Problem 7

Two balls of mass 10 kg and 40 kg are initially at rest and separated by a

distance 1 km. (a)Find the gravitational force between them. Owing to this C ’
attractive force they begin to move toward each other. Find the velocity of

each ball when their distance becomes 500 m. (03/)\i8)

(a)|force|= N

— i B
- 663X x [0x $0 =2 xS W«Aj

30: ANS:=2.668E-11 i SN 13
‘ (107D
(b)the speed of 10 kg ball= m/s
31: ANS:=2.066E-6 —g (Fxto xlOl’
F=U- 1 —2.(68x(0"
(c)the speed of 40 kg ball= m/s \O J

32: ANS:=5.165E-7

AK: E =)= Q\QGQ)(((YH

WD 1%, mU, A, =6

[_0\/\ :::40\/4’ = l/lEQUL‘_ -1 5

S2 2648 %10
i, == 6d X

_.L- T | . & e
S0V, 4 7 4DV, = g K=2.664x00 U= S6EX 0 ' "“/g

; & _6
_}Eﬁd(tlﬁb L 4oV, = 2 (68AW V= 4Uq:2_55’§>(4’h m/g'



Problem 7
Answer the following questions. (02/\Z8)

(a)Earth is of mass 6 x 107 kg and radius 6.4 x 10° m. Find the gravitational acceleration at
the center. g= m/s?

33: ANS:=0

(b)Following (a), if we have object shot into space from the surface of Earth. If the initial
speed is just the escape speed, what is its mechanical energy? E= J

34: ANS:=0



