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Basics

(a) (i) On Fig.1.1, draw lines to represent the gravitational field outside an isolated

uniform sphere.
¥ "

[ . GMw

&= 2~
< (

V

Fig. 1.1

(ii) A second sphere has the same mass but a smaller radius. Suggest what
difference, if any, there is between the patterns of field lines for the two spheres.

...................................................................................................................................

(b) The Earth may be considered to be a uniform sphere of radius 6380 km with its mass of
5.98 x 10°*kg concentrated at its centre, as illustrated in Fig. 1.2.

/
-

5.98x107 kg

Fig.1.2

A mass of 1.00kg on the Equator rotates about the axis of the Earth with a period of
1.00 day (8.64 x 10*s).

Calculate, to three significant figures,

(i) the gravitational force F; of attraction between the mass and the Earth,

(ii) the centripetal force F_ on the 1.00kg mass,

S .

21
y O> (Q’ .y Xl;)) (&QL\ xlo*
o 35T N

.

(iii) the difference in magnitude of the forces.

4. 7663

O

difference = ......... 0 e N

(c) By reference to your answers in (b), suggest, with a reason, a value for the acceleration
of free fall at the Equator.
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(a) Define gravitational field sirength.

_____ /E T < a'\wcegguol\\&mm&skmmmsm

(b) Explain why, for changes in vertical position of a point mass near the Earth's surface, the
gravitational field strength may be considered to be constant.

(c) The orbit of the Earth about the Sun is approximately circular with a radius of 1.5x10%km.
The time period of the orbit is 365 days. 30 < , 2k <60 <Go= 3% 3 Looo

Determine a value for the mass M of the Sun. Explain your working.
m Co«e % c\\fW«IS-a \Nw‘\ ge)) ’HVL ‘\ece)zbw(a c«m\‘« ’\Q e&'q& Q\l(e
EX = ,FC 2
GMA _ e (2T
( 2

=
G+ T,

21 o
M. ([ sxld30S)x T = Do xlo
\Cé'é7ﬂ\6l‘> % CB\S 3&:&:}7—

(ii) By reference to lines of gravitational force near to the surface of the Earth, explain why

0\): QM ,’i’_LQTM ________________________________________________________________




(c) Suggest quantitatively why it may be assumed that the Sun is isolated in space from other
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Answer all the questions in the spaces provided.

1 (a) Def]'} gravitational field strength.
________ olce....eX \@‘\&9 ed Umxf NaAss P AOASS \““’9

..... N SR *a\'m‘\oﬂ&(}xjgm

(b) The nearest star to the Sun is Proxima Centauri.
This star has a mass of 2.5x10°%kg and is a distance of 4.0 x 10"?km from the Sun.
The Sun has a mass of 2.0 x 10%Ckg.

(i) State why Proxima Centauri may be assumed to be a point mass when viewed from the

< Mo s c& ﬂe% Yo M%ro&\evx s v\e:j\ 3‘L>\& I’ g "

o p ‘07“\“(6\&»”‘6#‘\ .......... M&Q”QW\XW\S&/ (G

SRWNo CQA\}OUO‘J\ LSNPS O"\\Co‘\N\ spheie _ gQ
(ii) Galc:ulPat;\M ¢ 2 oK 10 = )—-OK\Q K

1. the gravitational field strength due to Proxima Centauri at a distance of 4.0x 10"3km, A = \ 5(\ o

‘ G«ox\ o)

I

| Jh2 «lo

field strength = ....... \OXO .................... Nkg™' [2]

2. the gravitational force of attraction between the Sun and Proxima Centauri.

b -

=S qRe™
G 30

= ],OL\QK\o’H x 2'0 7\\0
T
- Lo 6

force = ........... 2 2RI N [2]
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(a) State Newton's law of grawtatln

Tt 5\0\\'% M ‘Ho_ 48 \»D L:(//Qweem 2 Wasses s
& ‘&Lj \Nfo«LOl\a\Q Soﬂ-e oa M\Q MaSSeN lo\»;( "MW
Uw’c a&’“\t CQ gen Lf/&”w\%(C&«}\/C)s[z]

(b) The planet .Juplter and one of its moons, Io, may be considered to be uniform spheres that
are isolated in space.
Jupiter has radius A and mean density o.
Io has mass m and is in a circular orbit about Jupiter with radius nA, as illustrated in Fig. 1.1.

Jupiter
radius A
density p

Fig. 1.1

The time for Io to complete one orbit of Jupiter is T.

Show that the time T is related to the mean density p of Jupiter by the expression

3un®
o

where G is the gravitational constant.

Fo- %

GM'« - %{w'z CI_ £ ?*é—ﬂﬂéRg

i T

(R AT

() (i) The radius B of Jupiter is 7.15x10*km and the distance between the centres of Jupiter
and Io is 4.32x 10°km. AR AR = H.32 XS Ken

The period T of the orbit of Io is 42.5 hours.
Calculate the mean density o of Jupiter. K < IS K\ol‘ \L\M
/gz B} 3“)’“5 (7 1S x\bL‘> L2\
j) Cr . n- 6.0

cl_ 3ﬂ(éol13 - ]330.'&7
J;(’ﬂs xboxbe) = A

3
1.33x \o
(ii) The Earth has a mean density of 5.5x10°kgm=2. It is said to be a planet made of rock.
By reference to your answer in (i), comment on the p(ssmle composition of Jupiter.

Q-"(’l)fe/(\sN\os‘rgbB\U/J\\}v&

kgm™ [3]

[

[Total: 10]
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Answer all the guestions in the spaces provided.

(a) Deflne/qmw:armnai field strength.

(b) The mass of a spherical comet of radius 3.6km is approximately 1.0x 10" kg.

(i) Assuming that the comet has constant density, calculate the gravitational field strength

on the surface Df: the comet. ( S AE \\> (\ . x\oﬁ
d ﬂ (3.6

_ S \He6<1s®

field strength = ....... 7. S R A R Nkg [2]

(ii)) A probe having a weight of 960N on Earth lands on the comet.
Using your answer in (i), determine the weight of the probe on the surface of the comet.

_ e 918N _
160 -61@: W :jé~<é‘\x\o >

A 2\ - 29958 xls

\/\\;m —Mﬁa

" =

(c) Asecond comet has a length of approximately 4. 5km and a width of approximately 2.6 km. Its
outline is illustrated in Fig. 1.1.

Fig. 1.1

Suggest one similarity and one difference between the gravitational fields at the surface of
this comet and at the surface of the jmet in (b)

QJQ jJ\eA w\ L;e o&*mﬂwe/

PD ________ /\vow/v _____ kb /(L\ _______________________________________________________

[2]

[Total: 7]
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Answer all the gquestions in the spaces provided.

{a) Two point masses are separated by a distance xin a vacuum.
State an expression for the force F between the two masses Mand m.
State the name of any other symbol used.

F,GMN\ o Cz s e ﬁwim*w% cemé\r«»&

.............................. 11
(b} Asmall sphere 3 is attached to one end of a rod, as shown in Fig. 1.1.

thread \\_

rod
small sphere 5

view from side

Fig. 1.1 (not to scale)

The rod hangs from a vertical thread and is horizontal.
The distance from the centre of sphere S to the thread is 8.0cm.

A large sphere L is placed near to sphere 3, as shown in Fig. 1.2

large sphere L

o2 é‘::o

initial position
ofrod “%x_ ém,,w} ~o
e 6.0cm
final position
ofrod =~ _rrEags W —
small sphere 3
thread

view from above

Fig. 1.2 (not to scale)

There is a force of atiraction between spheres 5 and L. causing sphere 5 to move through a
distance of 1.2mm.

The line joining the centres of S and L is normal to the rod.

(i) Show that the angle &through which the rod rotates is 1.5 x 10rad.

O. Isye’ 1]

(ii} The rotation of the rod causes the thread to twist.
The torque T (in Nm) required to twist the thread through an angle & (in rad) is given by

T=93x10"x g

Calculate the torqua in the thread when sphere L is positionad as shown in Fig. 1.2

To 45 45° ¢ ISxle

1\

[ 3G < lo

(!

forque = ... g PN

c) The distance between the centres of spheres S and L is 6.0cm.
The mass of sphere 3 is 7.5g and the mass of sphere L is 1.3kg.

(I} By equating the torgue in (b)(ii) to the moment about the thread produced by gravitational
attraction batween the spheres, calculate a value for tha gravitational constant.

.. T
GM*" ,(Q—T

G Tait () ()
Men % (754 «@xls)

- éb‘éx b'“

-1\

gravitational constant = é oy 2ol \o

- NmPkg2 [3]

(i) Suggestwhy the total force between the spheres may not be egual to the force calculated

using Newton's law of gravitation.
Vﬁq@e o cpherer e CL\A] .

[Total: 7]
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3 A binary star consists of two stars that orbit about a fixed point C, as shown in Fig. 3.1.

Fig. 3.1

The star of mass M1 has a circular orbit of radius Fl*, and the star of mass M2 has a circular
orbit of radius R,. Both stars have the same angular speed «, about C.

(a) State the formula, in terms of G, M,, M,, R,. R, and w for

(i) the gravitational force bstween the two stars,
........... GMIM) ( l>

(ii) the centripetal force on the star of mass M,.

(b) The stars orbit each other in a time of 1.26 x 108 s (4.0 years). Calculate the angular

speed w for each star.
—_—
w- 2 _ I

T < Zé xlo>

— L\ O\KQX(O

haa«

POUIEFBPEE = | ucissussisss sommsnimsassaass rads™ [2]

(c) (i) Show that the ratio of the masses of the stars is given by the expression

"R

M,
(i) The ratio —! is equal to 3.0 and the separation of the stars is 3.2 x 10" m

M,
Calculate the radii R, and R,. R ) ,Q 2 2 % ,
3 = & R 3 Zx’o - \Q

R, 2 3kl
R, _ 2Ax\" = L Aixle

(d) (i) By equating the expressions you have given in (a) and using the data calculated in
(b) and (c), determine the mass of one of the stars.

&M\ N\Z _ % V\\WL

Ry L
M o R\%wLK@‘*‘Rb

N @K\Q"\ o (neen K\J‘\L " @ .mé‘\L
2 - =

—_ Q 67 ,\\
Ml bt Bogg X\oza\ )_o\ < 3
mass of star = 3°é7<\o ........ kg

(ii) State whether the answer in (i) is for the more massive or for the less massive star.

(4]
M\ - g @ __é/_gl 4
Y 3
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Answer all the questions in the spaces provided.

(a) State what is meant by a gravitational force.

l" S 'h\Q- CD( o\\&(a\&m’\ CK W@J\Qe.g Xg o~ ‘/V\V\SS

O EACT R\ B

(b) Abinary star system consists of two stars S, and S, each in a circular orbit.
The orbit of each star in the system has a period of rotation T.

Observations of the binary star from Earth are represented in Fig. 1.1.

S1
O~ ] .

t=0 f=%-'
52@ - P
; Yo S—Y
f /
~Os,
Wl 3T
f——z- f-T

Fig. 1.1 (not to scale)

Observed from Earth, the angular separation of the centres of S, and S, is 1.2 x 10~°rad.
The distance of the binary star system from Earth is 1.5 x 10" m

Show that the separation d of the centres of S, and S, is 1.8 x 102

(g o C‘.l%(ég\

| . ?_\,x\o

t

[1]

(c) The stars S, and S, rotate with the same angular velocity @ about a point P, as illustrated in
Fig. 18

Fig. 1.2 (not to scale)

Point P is at a distance x from the centre of star 51.
The period of rotation of the stars is 44.2 years.

(i) Calculate the angular velocity .

uf:_,l:\_r_ == 2
! (4 2 x 365 32" *&*@

_ hso Txlg
-1
//\S’\’(\O rads! [2]

o =




(iiy By considering the forces acting on the two stars, show that the ratio of the masses of
the stars is given by

mass of 5, _d—x
mass of 5, X

feo =%
A AL MR

M M :.D"‘
ML K\ M?. ’K"

[2]
(iii) The mass M, of star S, is given by the expression
GM, = d?(d - x) w?
where G is the gravitational constant.
The ratio in (ii) is found to be 1.5.
Use data from (b) and your answer in (c)(i) to determine the mass M,

L
< > " o’(\
_—AB’_ - 1.5 M _ QX K\D\Z—B (\ ,X)le\)__ 7IZX\°>7<L‘ S\ K\ 5

NS
Q—-—vﬂ - lg%’ CC:_( )(\o»l\

A: AN ]
(4 xld? - M. U xls Ka

25
1|
7.2 xP
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Gravitational Field Strength

(c) The planet in (b) has radius A equal to 3.4 x 10°km and mean density 4.0x 10°kgm—3.

w‘1 8 q p42 q‘1 Calculate the acceleration of free fall at a height A above its surface.

: 2 GM JD L]OK\O:T

PR E M
(
Mo xls ’V@ hy) )
1 (a) (i) State whatis meant by gravifational field strength.

1\'»5’“\1 ..... (otce... e \@keg Oﬂ\xmﬂ“\ﬁ'mﬂ\f’& ..... 3 @g7x ’“ é’lox > L( I C3H B o.c\u\c\o\

_,«\Qxﬂw(eg LR e (] @»« 3.1'lxo>

Answer all the questions in the spaces provided.

(ii) Explain why, at the surface of a planet, gravitational field strength is numerically equal to accelerationof freefall= ....Q . . T ms— [3]
the acceleration of free fall.

_________ &)c\vse)fﬂw&”?ace wﬂé} JrM foﬂ\l’AG\/\a& G

(b) An isolated uniform spherical planet has radius R.
The acceleration of free fall at the surface of the planet is g.

On Fig. 1.1, sketch a graph to show the variation of the acceleration of free fall with distance
x from the centre of the planet for values of x in the range x= Rto x=4A.

1.00g >
\
\
\
acceleration
of freefall 0.75g -
\
0.50g -
AV
\
[\
0.25g
0 .
0 (= 2R 3R 48
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4 A rocket is launched from the surface of the Earth.

Fig. 4.1 gives data for the speed of the rocket at two heights above the Earth's surface, after
the rocket engine has been switched off.

height / m speed / ms™!
h, =19.9 x 108 v, = 5370 \
N\
h, =22.7 x 108 v, = 5090 S \'\"- >
. v, \J
Fig. 4.1 2

The Earth may be assumed to be a uniform sphere of radius A = 6.38 x 105 m, with its mass

M concentrated at its centre. The rocket, after the engine has been switched off, has
mass m.

(a) Write down an expression in terms of

(i) G, M, m, h,, h, and R for the change in grawtatu:-nal potential energy of the rocket, ACX : P i E = btﬁ 7<V"\

MW\ [ZR*\\T @*‘ﬁ\ PRI N W )
(ii) m, v,and v, for the change n kinetic energy of the rocket. <f}§p - cL‘ ;_) ® N
(b) Using the expressions in (a), determine a value for the mass M of the Earth. — Gjl\j - (»— G‘M>
v i
NE . DGPE

J—’/‘ég°o‘°'537o> @QT(\ }MV/\ Lél‘lx\o ’ﬁlé ZC%:\‘ ) CQ*\\B
Ut 4o = (ZH%S’F‘ X\:‘\ ™

ioreL) G(MN\ /_
J S a1 <10 ™ (Rel) @\\
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Answer all the questions in the spaces provided.

(a) Define gravitational potential at a point.

IS &tﬂQ ped o«\‘r %srﬂloﬂvj ......... M W%S ......

{(b) An isolated solid sphere of radius r may be assumed to have its mass M concentrated at its
centre. The magnitude of the gravitational potential at the surface of the sphere is ¢

On Fig. 1.1, show the variation of the gravitational potential with distance d from the centre of
the sphere for values of dfromd=rto d = 4r.

+1.0¢
gravitational
potential

+0.5¢

0
0 r 2r 3r 4r
d
Zae
0.5
=1.0¢ o
Fig. 1.1

[3]

(c) The sphere in (b) is a planet with radius r of 6.4 x 10°m and mass M of 6.0 x 10°*kg. The
planet has no atmosphere.

A rock of mass 3.4 x 10°kg moves directly towards the planet. Its distance from the centre of
the planet changes from 4rto 3r._

'S 1's
(i) Calculate the change in gravitational potential energy of the rock.

AC;.P.E;GC-%:>,<M = |-G »(’GM> K

lﬁ i

B PE _ GrMm<_1_ ; ,}_>
i ¢
(6.7 xo‘>(ex(¢3")[gﬁx(é)%[ ] l

2¢ Gxlo 14.2 «|&
= - \ 77 \K\Cl;

[Total: 10]
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2 (a) State the relation lp between gravitational potential and gravitational field strength.

«M X—v&'\ s(’(e»’\.ﬂ\f LS. ’“\2( Ja\\\le, ...... \ a&e,
0/8 ‘(w' e ch\cg 2 L%O\ vo;>fe

(2]

v
(b) A moon of mass M and rad:'us R orbits a planet of mass 3M and radius 2R. At a particular
time, the distance between their centres is D, as shown in Fig. 2.1.

D
: X :
------------------------------------ o)
P
planet moon
mass 3M mass M
radius 2R radius R
Fig. 2.1

Point P is a point along the line between the centres of the planet and the moon, at a variable
distance x from the centre of the planet.

The wvariation with x of the gravitational potential ¢ at point P, for points between the planet
and the moon, is shown in Fig. 2.2.

A

¢

0+ , A -y

-

("

S

(i) Explain why ¢ is negative throughout the entire range x = 2Rtox=D-R.

c#l& Se,{o ..&_'\AQRA; T\' S M\V\&Ah{ mﬂ&o&(e{ _
O mnesS A ‘o‘ C*w J\Qw oo “&w‘\ A 8

Ao \\cﬁxd\ﬁ) QJS 1 \;:%:6:& ﬁg
t theieipie

(ii) One of the features of Fig. 2 2 is that ¢ is negative throughout.

Describe two other fe tures of Fig. 2.2.
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(iii) On Fig. 2.3, sketch the variation with x of the gravitational field strength g at point P
between x=2Rand x=D-R.
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1 ? 2 1 (ii) The rocket motor is switched off at point A. During the joumney from Ato B, the rocket has
m qp4 4 4 a constant mass of 4.7 x 10*kg and its kinetic energy changes from 1.70TJ to 0.88 T..

- 14 2 1 bt
Answer all the questions in the spaces provided. For the planat, lh_e product GAM is 4.0 x 1|:_+ : Nm-kg'. it may be assumed that resistive
farces to the motion of the rocket are negligible.

1 (a) Define gravitational potential at a point. Use the expression in (b)(i) to determine the distance from A to B.
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(b) Arocket is launched from the surface of a planet and moves along a radial path, as shown in - X \ n_)
Fig.1.1. lo x (o3 x\s
R~ (27313
A 3K B rocket
RRE R A - 5(@37\8 OH@>
e R i \ 7
planet ] 4R ' - 2.1 wlo
mass M
Fig.1.1
The planet may be considered to be an isolated sphere of radius A with all of its mass M \ 7
concentrated at its centre. Point A is a distance A from the surtace of the planet. Foint Bis a distance = 2 X{O m [3]
distance 4R from the surdsce. T EREEERETEREES & TR G e S A st e
- : : o : a SifaaE [Total: 6]
(iy Show that the difference in gravitational potential A¢ between points A and B is given by
the expression
Ad = IGM

~ 10R
where G is the gravitational constant.
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1 (a) By reference to the definition of gravitational potential, explain why gravitational potential is a
negative quantity.
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(b) Two stars A and B have their surfaces separated by a distance of 1 ﬁ\tﬂ} m asi ﬁstraled 1
Fig. 1.1.
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Fig. 1.1

Point P lies on the line joining the centres of the two stars. The distance x of point P from the
surface of star A may be varied.

The vanation with distance x of the gravitational potential ¢ at point P is shown in Fig. 1.2.
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Fig. 1.2

A rock of mass 180 kg moves along the line joining the centres of the two stars, from star A
towards star B.

(i) Use data from Fig. 1.2 to calculate the change in kinetic energy of the rock when it

moves from the point where x=0.1x 102 m to the pont where x =12x 102m
State whether this change is an increase or a decrease.
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{ii) At a point where x = 0.1 x 10 m, the speed of the rock is v.

Determine the minimum speed v such that the rock reaches the point where
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Orbitting Systems
1 (a) State Newton's law of gravitation.

(b) A satellite of mass m is in a circular orbit of radius r about a planet of mass M.

For this planet, the product GM is 4.00 x 10" Nm?kg™', where G is the gravitational
constant.

The planet may be assumed to be isolated in space.

(i) By considering the gravitational force on the satellite and the centripetal force,
show that the kinetic energy E, of the satellite is given by the expression
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(ii) The satellite has mass 620kg and is initially in a circular orbit of radius 7.34 x 10%m,
as illustrated in Fig. 1.1.
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Fig. 1.1 (not to scale)

Resistive forces cause the satellite to move into a new orbit of radius 7.30 = 108 m
Determine, for the satellite, the change in

1. kinehtic energy,
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change in kinetic energy = + A X\o J [2]

2. gravitabonal potential en
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(iii) Use your answers in (ii) to explain whether the linear speed of the satellite increases,
decreases or remains unchanged when the radius of the orbit decreases.
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Kepler's Law

1 (a) State Newton's law of gravitation.
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(b) Some of the planets in the Solar System have several moons (satellites) that have circular
orbits about the planet.
The planet and each of its moons may be considered to be point masses.

Show that the radius x of a moon's orbit is related to the period T of the orbit by the expression

where G is the gravitational constant and M is the mass of thm;apl.anef Explaimyour working.

[3]

(c) The planet Neptune has eight moons, each in a circular orbit of radius x and period T. The
variation with T2 of x° for some of the moons is shown in Fig. 1.1.
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Fig. 1.1

Use Fig. 1.1 and the expression in (b) to determine the mass of Naptune.
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Answer all questions in the spaces provided.

1 (a) State Newton's law of gravitation.
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(b) Planets have been observed orbiting a star in another solar system. Measurements are made
of the orbital radius r and the time period T of each of these planets.

The variation with R2 of T2 is shown in Fig. 1.1.
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The relationship between T and R is given by

T2 = 4;’[2R3
GM

where G is the gravitational constant and M is the mass of the star.

Determine the mass M.
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(¢) Arock of mass mis also in orbit around the star in (b). The radius of the orbit is r.

(i) Explain why the gravitational potential energy of the rock is negative.
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(ii) Show that the kinetic energy E, of the rock is given by

Ek = GMm
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(iii) Use the expression in (c)(ii) to derive an expression for the total energy of the rock.
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[Total: 12]



