PHAS1102 — Physics of the Universe

Practice Problem Sheet 3 - solutions

1.
Let be m; =3 and m, = 4; then logo(fi/f;) = (m; —m;) log;o 2.512

= 10g10 2.512 1
1.€. fl/fzz 2512, and f1 =2.512 fz

Thus the combination of the two stars will produce a flux fsyp=f; + f3
=3.512 1, 1

So Mgum - My = IOglo(fz/fSUM)/lOgl() 2512 = -1.36, and Mgum = 2.6 2
[5 marks total]

2.
Sirius A luminosity is then

L =23.5x4x10" Watt =9.4x10* Watt 1
Since fraction of mass liberated into energy by the fusion of
H to He = 0.007 (= efficiency), Eiy. = 0.007 mc? 1

The H mass burnt into He per sec will be

L _94x107
efficiencyxc®  0.007x(3x10%)°

=1.5x10" kgs™ 1

If we assume that 10% of its H mass burns into He, then, since Sirius A
mass 1s

M =23 solarmass = 2.3x2x10% kg = 4.6x10* kg 1

Sirius A lifetime will be

29 16
0.1x M — = 4°6XI013 s=3x10"s = 3XI07 years =10"years |
Rate of burning 1.5x10 3x10
while the Sun’s lifetime is expected to be 10" years. 1

[6 marks total]



3.

Using Wien’s displacement law
_3x 107

max

metre

where 7 in Kelvin, we find

_3x107 _3x107

- K =10° K
A 3x10° 1
and
-3 -3
- 3x10 K=LO_6K=2><IO3K |
) 1.5x10

rg

Since the luminosity L « R*T* where R is the stellar radius and T the temperature,
then the ratio of the luminosities will be

L, _ R, (0" )xCx10')
L, szvdvad (106)><(1()5)

=1600 |

[3 marks total]



