Cambridge Physics for the IB Diploma

Answers to Coursebook questions — Chapter E2
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1 Weuse b=
4nd

ie. L=17x10" W.

~= L=bx4nd” so that L=3.0x10"" x4mx(70x9.46x10")* ,

4.5%10% B .
2 We use b=—— so that b= =52x10" Wm
4nd 4 x(88x9.46x10")’
32
3 Fromb= "2 = /L,i.e.dz\/mx—lo_wzz.4x1omm
47d 47b 4nx8.4%x10
20
This corresponds to 24><—1015 ~ 26 kly .
9.46 x 10
L A4T)*
4 a From L=oAT", —H:Mﬂ‘* =256.
L. oAT
I‘H
2 2 2 2 1 1
b by _ 4ndy :>1:L—H><d§ =256d§ andsod—zz— d—C:—
be Le . d-, u d, 256 d, 16
4nd
LA
7 -12
5 Pa_dnd’ 9.0><10713 b e ba_gg,
by Ly 3.0x10 Ly Ly
4nd’®
6 Since L=cAT*=04nR°T*:
R;(5000)" :_A_ (10000)*
RB(IOOOO) Rg (5000)*
4.7x107 _ R3,(9250)° - R _ [4.7x107 (6000)
3.9%10% Rjun(6000) R 3.9x10% (9250)* ~
7  Since L=0cAT* =c4nR°T*:
52x10%* R, (4000)* N R _ [5:2x10% (6000)
3.9x10% Rfun (6000)" R 3.9x10%° (4000)*
L,
2 2
b by _ 4nd, and 02——§:>d—A:O.71.
bB LB 5 A dB
4nd;
Copyright Cambridge University Press 2011. All rights reserved. Page 1 of 5



Cambridge Physics for the IB Diploma

8

10

11

12

13

14

15

We have that b =% and L = cAT".
4nd

oAT*?
4nd?
oAT' T,
Hence by _ 4nd, = d, =TA4dé :>T—A= 4fb—Aﬁ.
’ by oAT' T,' T,jdr T, b, da
4nd,? diB2
Since this is a ratio we do not have to change units (light years to metres).
T, dsx)x10431202

Combining, b=

Hence, —= — > =
Tg 2.0x107° 150
L AT,
We know that L = cAT* and so —Azo-—A’Z.
Ly oAsT,
. . . L, Ta
Since the radius of A is double that of B, L_ =4 x .
B B
- T, 480
From Wien’s law, AT =const and so 650 x T, =480 x T, = T " 650
B

L 480\"
Hence, —2 =4 x(—J =1.2.
L, 650

The surface temperature determines the colour of the star through Wien’s law and
hence the spectral class.

The colour of the star corresponds to a particular wavelength. This is the peak
wavelength in the spectrum, which in turn is related to surface temperature through

Wien’s law, 2.9 x 107 Km.

A star high on the main sequence has high luminosity. The rate at which energy is
produced per unit mass is higher and so it will consume its mass in less time, spending
less time on the main sequence. (See also the mass—luminosity relation in AHL.)

The HR diagram is a plot of luminosity (or absolute magnitude) on the vertical axis and
temperature (increasing to the left) on the horizontal axis. The horizontal axis may be
also be labelled by the spectral class of the star. The diagram shows three major
groupings of stars. Main sequence stars occupy a strip going diagonally down from top
left to bottom right, red giants are in the top left part of the diagram and white dwarfs
are at the bottom left.

Light emitted from the star will have to pass through the outer layers of the star.

Atoms in these layers may absorb light of certain wavelengths if these wavelengths
correspond to energy differences in the atomic energy levels.

The absorbed photons will therefore not make it through the outer layers of the star and
will appear as dark lines in the spectrum of the star.

The ‘line’ would be wide, like a bell curve, because of Doppler shifted light from parts
of the star approaching and others moving away from the observer on earth.
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16 The common centre of the orbits is the centre of mass of the two stars. If the = L s
stars have equal mass, then the centre of mass is halfway between the stars, i.e. ///5»@ 18 DWY
the orbits have the same radius.
17 a
A
b
20 years
t
>
b
A
b
20 years
t
>
The large decrease in apparent brightness occurs when the brighter star is being
blocked.
Both diagrams assume that the size of the two stars is about the same.
. ) 4nd’
18  Using the formula (not on the syllabus) T* = ——— |
GM,+M,)
2 1243
we find M, + M, = dn”x(2.4x107) =5.14x10% kg.

©6.67x107" x (40x365x 24 x3600)°

. . 1.
Since % =1.20 it follows that M, = > 2g x5.14x10% =2.80 x 10 kg

2

andso M, =2.34x10" kg .
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19 a The distance is s = d@ where the angular separation is in radians.

Hence,
4.5 T 4 4 16 12
S=5x| —— |—=1.1x10" pc=1.1x10"x3.09x10" =3.4x10" m.
3600 )180
. ) 4n’d’
b Using the formula (not on the syllabus) T = ———
G(M,+M,)

4n* x (3.4x10'%)’

we find M, + M, =
L 6.67x107" x(87.8%365 % 24 x3600)°

=2.95x10" kg .

C The radius of one of the orbits is

R =5x(iji=1.1x10-“ pc=4.61x10"°x3.09x10" =1.4x102 m.

3600 /180
The radii of the two orbits divide the separation of the stars (3.4 x 10" m ) in the
12
ratio of the masses, i.e. the ratio of the masses is 4X—1(())12 =0.70.
X

0.70

Hence, M, = 70 3.0x10" =1.2x 10 kg (outer star)

and M, =1.7x10* kg (inner star).

20 A white dwarf star is an end stage in the evolution of a star. It is very hot, small in size
and of small luminosity. It differs from a main sequence star of the same temperature
mainly in the mass, and luminosity and radius, all of which are very much smaller.

30
21  The density will be p = 47:& =9.1x10 kg m™.

——(6.4x10°)’
3
22  Initially the luminosity and surface temperature were lower than the values on the main
sequence. So it had to be to the right of and lower than the present position.

23 a As the stars rotate, their velocity changes direction.
When they move at right angles to the line of sight there is no Doppler shift (first
and third diagram).
When the faster of the two stars approaches the earth it suffers a blueshift and the
slow star a smaller redshift (second diagram).
In the fourth diagram, the fast star experiences a large redshift and the slow one a
smaller blueshift.

b The blue and redshifts are not the same in magnitude.
This means that the stars have different speeds.
In turn this implies that they orbit in different orbits, and so the inner star is a
slower star and the more massive.

C See answers on page 810 in Physics for the IB Diploma.
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Since the redshifts and blueshifts are given by z = % _Y ,
C
the ratio of blueshift to redshift is 2L = L.
22 V2

2

Since V* = , it follows that 4 & =0.72 or & =1.4.
M, M

total Z2 1

Since the stars are in a binary system, their distances from earth are essentially equal.

LA
Hence 5=47T—dz:>10=£.
b L L,
4nd?

a The peak wavelength is about 4 =0.40 x 10° m and so the surface temperature
29%x107°

(from Wien’s law) is T = ————~7.2x10° K.
0.40 x10

b From the H-R diagram the luminosity is about 5—8 times that of the sun.
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