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3 Abinary 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 R1 and the star of mass M2 has a circular
orbit of radius R,. Both stars have the same angular speed o, about C.

(a) @tatdthe formula, in terms of G, M,, M,, R, R, and « for

(i) the gravitational force between the two stars,

GMQML

M RwW’

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

W27 - ZA _ 4.9gx0°
T )26x10°

angularspeed = ... rads™! [2]
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(c) (i) Show that the ratio of the masses of the stars is given by the expression
R,

ﬁ1.

— —

Hen = Fce

mlRo]Jd/ = Mz szl
e
M. Ra

M, _
M, =

SHOWNS !

[2]

M
(ii) The ratio ﬁ is equal to 3.0 and the separation of the stars is 3.2 x 10" m.
2

Calculate the radii R, and R,

3= _Q__Q; RH‘RL=3°QX|O“
R _@_’;+Q;=3°D~X 'Ou

Rle > n
= 182 - 3.0410 _ &x0

R, = 34 x 3:2x10"
Q. = 302)( .O"- R&

1 T e

g - 2eHxI0"

(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.

% A = 7"; Ve, M, = 8x IO'°-(L'°"3*‘0-UT (32x10")

GoG6# x[0~"

Mleg} C/%m"
‘RH’R;)l

/Y)).:anl(&l"'ea.)& -1
G - mass of star = joOX,Oq ...... k

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

LESS /MAssive Srar

3= =910 ky
3x10*

g
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Answer all the questions in the spaces provided.

1 A binary star consists of two stars A and B that orbit one another, as illustrated in Fig. 1.1.

< 2.8x10%km -
: Aw :
star A X | star B
mass M, P mass Mg
S

|

: ,l
| | CU’
I<TN. = >

2:8X105- A
Fig. 1.1

The stars are in circular orbits with the centres of both orbits at point P, a distance d from the
centre of star A.

(@) (i) Explain why the centripetal force acting on both stars has the same magnitude.

(ii) The period of the orbit of the stars about point P is 4.0years.

Calculate the angular speed w of the stars.

VWI=ZA . RN _ 40
T (4.365.24-3600)
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(b) The separation of the centres of the stars is 2.8 x 108km. /V)A = / EB
The mass of star A is M,. The mass of star B is Mg. M _—
M
The ratio VA is 3.0. 6 @ A

B

(i) Determine the distance d.

3=(Bogxlo‘-ol) dzgogxl()‘
oA
3d-2:8x102d
44-2-8 x10 : ’;x/O*

(ii) Use your answers in (a)(ii) and (b)(i) to determine the mass M of star B.
Explain your working.

Ton = Fo

de; G Mo 3
(d+(2.8x10-d.)

M= dur(de (2eaxi0"d) 20« 0
G ’ [Tota?:10]

2,10° fs.0x10") (2:6x10")
60 671 X /0 o
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Answer all the questions in the spaces provided.

1 (a) State whatis meant by a gravitational force.

(T:c')rce 00 0. MAsSS In A (auii‘okiOnoL Pielc{

(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
O

Fig. 1.1 (not to scale)
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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 1012m

S=r64
5-45x10" 1:2%10 "

)2
[-8x10 7 spownt
(1]

(c) The stars S, and S, rotate with the same angular velocity w about a point P, as illustrated in
Fig. 1.2.

Fig. 1.2 (not to scale)

- ______7-0
W
b Ot
NC/)

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

(i) Calculate the angular velocity w.

W-2R~ 2 A

-

T (74.2% 365x24x 3600)
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(ii) By considering the forces acting on the two stars, show that the ratio of the masses of
the stars is given by

mass of S, _d-x
massof S, = x

7L¢§. = 7'-‘,(,52.
Md 2= M (AR 8

Ms, _ CL"’X

= SHoOwnN !

M Sa R

(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,.

OL dz'oéx‘o':"
J5= % 2
x Gr=d (d-x) W
’°5" ;(J'—X M‘: zcd_*)wl
205)(:&' C' 20

" [Total: 9]

(10610 ") ) (i-8x10 72x10") (75 10°)
6:6 7 x 10"
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