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Section A

Answer all the questions in the spaces provided.

1 (a) Define gravitational field strength.

Speiidionad . fnce pes uwit mase ok o poik
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(b) An isolated star has radius R. The mass of the star may be considered to be a point
mass at the centre of the star.

The gravitational field strength at the surface of the star is g.

On Fig. 1.1, sketch a graph to show the variation of the gravitational field strength of the
star with distance from its centre. You should consider distances in the range R to 4R.

1.0g, _@ = 0.;9'
fr. &

0.89;
gravitational \ i -0-1l e

field strength 0-69s \ 9
0.4gS \ ?‘ S 000&2’5
. 16

0.2g;
Og 5R 3R AR
surface distance
of star

Fig. 1.1
(2]

(c) The Earth and the Moon may be considered to be spheres that are isolated in space
with their masses concentrated at their centres.
The masses of the Earth and the Moon are 6.00 x 10%*kg and 7.40 x 10%2kg
respectively. —_— Sallo}
The radius of the Earth is R: and the separation of the centres of the Earth and the
Moon is 60 R, as illustrated in Fig. 1.2.

Moon
mass
7.40 x 10%?kg
Y'l 5 YL

S
AN
\
X

Fig. 1.2 (not to scale)
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(i) Explain why there is a point between the Earth and the Moon at which the For
gravitational field strength is zero.

M Sk e, .. qanitabingd... fdd... |

(ii) Determine the distance, in terms of R, from the centre of the Earth at which the
gravitational field strength is zero.

ak bt 9¢D/ %, -
7" T

TR

REASI

7
Lx10” = F4x(0 Lol = O0-1U% + 7
7> (eoReM) Y2 U5

distance = R

GORe-% _ 0111

2L

(iii) On the axes of Fig. 1.3, sketch a graph to show the variation of the gravitational
field strength with position between the surface of the Earth and the surface of the

Moon. O +4 - ‘3’0
e -
gravitational
field strength
0 i i :
surface Py  surface distance
of Earth of Moon
Fig. 1.3
[3]
© UCLES 2010 9702/41/0/N/10
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(b) The Earth may.be considered to be an isolated sphere of radius R with its mass p\) U(/M,S ‘“/\{, 47 0\.(’ 'HA./(._
concentrated at its centre.
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Answer all the questions in the spaces provided.

1 (a) By reference to the definition of gravitational potential, explain why gravitational potential is a
negative quantity.

o infindly to_any painl. @ decaeanen fo.. o aeqmre. 755 o

(b) Two stars A and B have their surfaces separated by a distance of 1.4x10'2m, as illustrated in
Fig. 1.1.

Nl Jb ______ {mz b done by e mass . moving.

1.4%x10"?m

star A star B
P |
o ? __________ @
| ! |
| ! |
|
|

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

x/10'2m
2O 0.2 04 0.6 0.8 1.0 1.2 1.4
4
a4 BESses(aeRsgseancne
—6
//'/
-8 ' N
$/108Jkg™" ; i \
=> -10 -
|
_12 :
\\
—14 |
-16
’Fig.1 2
J/ —>
| —>
|
|
© UCLES 2016 9702/41/M/J/16



25 of 814
5

A rock of mass 180 kg moves along the line joining the centres of the two stars, from star A
towards star B. 3

(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 10'2m to the point where x = 1.2x10"2m.
State whether this change is an increase or a decrease.

Qpain m KB= loge un PE

o KE = - Npx wn
= —(—14xlo’—[-roxlo”))>< (30
= 'l-lKlD'oI

(ii) Atapoint where x = 0.1x10!?m, the speed of the rock is v.

Determine the minimum speed v such that the rock reaches the point where
x=1.2x10"?m.

—
?Mw m GpE - loss un KB

s = - Ll )
(47{_'47;)

440 - loxitt) = -1 (0-w)

4
we 2.5Xx10 my!
MINIMUM SPEEA = ...ovieeeeceeceeeeeeeee e ms~! [3]

1\

[Total: 8]
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