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Worksheet for Chap. 1

 Celestial Mechanics

Exercise #1  

The moon has mass 7 x 1022 kg and radius 1.74 x 106 m.  A small stone is released at a distance 2.0 x 106 m  from the center, and eventually strikes the surface.  Calculate the speed v of impact, in km/s.

.

Exercise #2  

The planet Mars has a synodic orbital period of 780 d.  What is its sidereal period?

Exercise #3  

Suppose the stone in Exercise #1 has a mass of  0.015 kg.  Find the force of attraction between the moon and the stone at both the initial height and after it has impacted on the surface of the Moon. 

Exercise #4  

 A small satellite orbits the Earth in the same 24h period as Earth’s rotation.  What must its orbital radius be in order for this period to be maintained?  Earth’s mass is 5.97 x 1024 kg.

Exercise #5
 Planet A and planet B are separated by a distance 1.00 x 106 km. Planet A has mass 6.0 x 1024 kg and planet B has mass 2.0 x 1024 kg. At what distance from the center of planet A does the center of mass of the system lie?
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Worksheet for Chap. 2

 The Solar System in Perspective

Exercise #1  

The atmosphere of Mars contains about 95% CO2, which has a mass of about 44mH = 7.35 x 10-26 kg. Assume a mean surface temperature of  225 K, a mass  6.4 x 1023 kg, and radius 3.4 x 106 m.  Also, G = 6.67 x 10-11 m3/kg.s2 is the universal gravitation constant and k = 1.38 x 10-23 J.K is the Boltzman constant.  Calculate:

a) the escape speed vesc from the surface in km/s.

b) the root-mean-square speed vrms of  the CO2 molecules in the Martian atmosphere, in km/s.

c) Will the CO2 be retained over billions of years?

.

Exercise #2  

The planet Venus has an orbital radius about the Sun of 0.723 AU and an albedo of 0.77. Calculate:

a)  the subsolar (noon equatorial) temperature  Tss
b)  the planetary equilibrium temperature Tp

c)  the wavelength of maximum emisson, (max for each of the temperatures in a) and b).

Exercise #3  

Comet Encke has an orbital eccentricity of 0.85 and a perihelion distance of 0.33 AU. Calculate: 

a)  the aphelion distance ra and the semimajor axis a of the comet.

b)  the period of revolution P (in yr) about the Sun.

c)  the speed vp of the comet at perihelion.
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Worksheet for Chap. 3

 Time and the Seasons

Exercise #1  

The Moon has mass 7 x 1022 kg and radius 1.7 x 106 m. Calculate the Roche limit for: 

a) a small solid satellite with density 2500 kg/m3.

b) a fluid satellite with the same density as in a). 

.

Exercise #2  

The Pioneer 10 spacecraft was launched from Earth’s orbit and recently passed the orbit of Pluto, at 39.44 AU from the Sun.  By what factor has the tidal force due to the Sun been reduced at this point?

Exercise #3 

A distant star shows a parallax angle (using Earth’s orbit as a baseline) of 0.075(. Calculate the distance to this star in AU. 

Exercise #4
Describe the Sun’s daily path across the sky for an observer located on the Tropic of Cancer at the summer solstice. 
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Worksheet for Chap. 4

 The Earth-Moon System

Exercise #1  

The Earth has mass 6 x 1024 kg, radius 6.4 x 106 m, and an equilibrium temperature 277 K. Assume  1 amu ( mH = 1.67 x 10-27 kg.
Calculate the atmospheric scale height (in km) of the following molecules. 

a) O2   (diatomic oxygen, A=16)

b) O3  (ozone, A=16)

c) N2   (diatomic nitrogen, A=14)

Exercise #2  

A rock sample is analyzed for the abundance of a radioactive isotope (, which has a half-life of 4.4 x 105 yr.  The measured abundance of ratio is found to be (/(0 =  0.015, where ( represents the present abundance of the substance, and (0 was the abundance when the rock was formed. Use this information to determine the age of the rock in years. 

Exercise #3
An electron (mass  9.1 x 10-31 kg, electric charge 1.6 x 10-19 C) with kinetic energy 0.5 keV is captured by the magnetosphere of a planet, where the magnetic field strength is 1.0 x 10-6 T.  Note that 1 keV = 1.67 x 10-16 J. Determine:  

a)  the speed of the electron in both m/s and km/s.

b)   the gyroradius of the electron, in m. 

Exercise #4
Earth’s magnetic field strength is Bo = 4 x 10-5 T at the surface (r = R(). Estimate the strength of the field B at the distance of the Moon, r ( 60R(.  
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Worksheet for Chap. 5

 The Terrestrial Planets: Mercury, Venus, Mars

Exercise #1  

The planet Mars has mass 6.4 x 1023 kg, radius 3.4 x 106 m, and mean surface temperature 225 K.  Take  k = 1.38 x 1023 J/K, G = 6.67 x 10-11 m3/kg.s2, and mH = 1.67 x 1027 kg. 

a)  Determine whether or not water vapor (H2O) will be retained by the Martian atmosphere over billions of years. The atomic masses of hydrogen and oxygen are 1 amu and 16 amu, respectively.

b)  Calculate the scale height of H2O in the Martian atmosphere, in km. 

c)  At what height does the pressure due to H20 drop to ½ its surface value?

Exercise #2  

A hypothetical planet has a mass 9.0 x 1024 kg and radius 7.0 x 106 m.

a)  Calculate the average density <(> of the planet.

b)  Take the surface pressure to be approximately zero, calculate the central pressure Pc.

c)  Calculate the Roche limit for a small frozen moon composed of water ice (( = 1000 kg/m3) near this planet. 

 Widener University
Fall Semester
PHYS 228  Astronomy & Astrophysics



Name _____________________

Prof. Augensen   

Worksheet for Chap.6

The Jovian Planets

Exercise #1  

A hypothetical jovian planet has mass 2.0 x 1027 kg and radius 8.0 x 107 m. It has been found that the planet is emitting energy at a rate 1.0 x 1020 W.  Take G = 6.67 x 10-11 m3/kg.s2 and 1 yr = 3 x 107 s.

a)  Calculate the total potential energy (in J) available to this planet, assuming it is a spherical mass.

b)  Calculate the rate dR/dt at which the planet must contract in order to provide the observed energy emission rate. Express in both m/s and in cm/yr

Exercise #2 

Consider again the hypothetical jovian planet of Exercise #1, which has mass 2.0 x 1027 kg,  radius 8.0 x 107 m, and is emitting energy at a rate of 1.0 x 1018 W.  The central temperature is Tc ( 6 x 104 K, and the surface temperature is essentially zero.  (Note: starred * parts can be done at home.)

a)  Calculate the center-to-surface temperature gradient (T/(x. Express in both K/m and K/km.

b)  Calculate the bulk thermal conductivity ( (in W/m.K).

*c)  Calculate the mean density <(> of this planet (in kg/m3).

*d)  Calculate the central pressure Pc.  Express in both Pa and atm, where 1 atm ( 105 Pa.
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Worksheet for Chap.7

Small Bodies and the Origin of the Solar System

Exercise #1  

The Earth  has mass 6 x 1024 kg, radius 6.4 x 106 m, and rotates in sidereal period 23.93h = 8.6 x 104 s. The Moon has mass 7 x 1022 kg and orbits Earth at distance 3.84 x 108 m in period 27.3d = 2.36 x 106 s.  Take G = 6.67 x 10-11 m3/kg.s2.  Calculate:

a)  the rotational angular momentum of the Earth.  Assume Lrot  ( MRV, where M, R, and V are,    respectively, the mass, radius, and equatorial rotational speed of Earth.

b)  the orbital angular momentum of the Moon.  Assume Lorb  ( mrv, where m, r, and v are, respectively, the mass, orbital radius, and orbital speed of the Moon.

c)  the rotational period the Earth would have if the Moon’s angular momentum could be added to it.  Express in hours.

Exercise #2 

Consider a hypothetical jovian planet of mass 2.0 x 1027 kg,  radius 8.0 x 107 m, and surface temperature 250 K.  Take G = 6.67 x 10-11 m3/kg.s2 and ( = 5.67 x 10-8 W/m2 K-4.  Calculate:

a)   the total energy emitted per second (luminosity) by the surface of the planet, in W.

b)   the escape velocity vesc from this planet, in both m/s and km/s.

c)   the impact parameter S for a small body falling into this planet at escape velocity.  Express in both m and km. 

d)   the impact parameter S for a small body falling into this planet at 100 km/s.  Express in m and km.
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Worksheet for Chap.8

Electromagnetic Radiation and Matter

Exercise #1  

The “K line” of Ca II lies at 393.3 nm (rest wavelength). A star is observed with a spectrograph, and the same line is observed at  397.5 nm in the spectrum of the star.  Constant:  c = 3.0 x 105 km/s

a)  Calculate the radial velocity of the star.

b)  Determine whether the star is approaching or receding from Earth

c)  A different star is traveling at 50 km/s toward the Earth. At what wavelength will the Ca II K line be observed in this star?

Exercise #2 

An electron in atomic hydrogen jumps from the n=5 level to the n=2 level. Constant: h = 6.62 x 10-34 J.s. 

a)  Calculate the wavelength ( of the resulting emission line.

b)  Calculate the energy E of the emitted photon.  

Exercise #3
Consider the atmosphere of a star where T = 6000 K, Ne = 2 x 1015 cm-3, and ( = 18 eV. Constants k = 1.38 x 10-16 erg/K,  1 eV = 1.6 x 10-12 erg.

a)    Calculate the temperature T( to which the atmosphere would have to be changed so that the ionization ratio N+/N0 is reduced by a factor 1/3. 

b)    Calculate the factor by which the ionization ratio N+/N0 changes when Ne is reduced by a factor 1/3.

c) 
Calculate the factor by which N+/N0 changes when the ionization potential is reduced by factor 1/3. 

Exercise #4  

The “H line” of Ca II, which lies at 397.0 nm, is observed in a star with temperature 18,000 K.  Calcium has atomic mass 40 amu, where 1 amu ( mH = 1.67 x 10-27 kg. 

a)     Calculate the line width due to thermal (Doppler) broadening. Express in nm.

b)     A second star shows a line width of the Ca II H line of (( = 2.0 x 10-3 nm due to thermal broadening.  What is its temperature?
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Worksheet for Chap.9

Telescopes and Detectors

Exercise #1  

An amateur astronomer has just purchased a 20-cm diameter telescope and wishes to compare its performance with that of the dark-adapted human eye, which has a diameter deye = 0.50 cm.

a)  Calculate the ratio of the light gathering power (LGP) of the telescope to that of the human eye. 

b)  Calculate the ratio of the resolving power (RP) of the telescope to that of the human eye. 

Exercise #2 

A futuristic telescope uses the Moon as an effective receiving dish, with diameter ( 3400 km. 

a)  Calculate the angular size in arcseconds of the smallest resolvable features visible through this telescope using light in the blue-green part of the spectrum, at wavelength ( = 500 nm.

b)  Repeat part a) using radiation at a radio wavelength  ( = 0.21m.

Exercise #3
The intensity  of radiation passing through some medium obeys an exponential relation, given by 


I(()  =  Io e-( 

where Io is the original intensity of the beam of radiation and  I(() is the intensity after passing through a medium with optical depth (, a dimensionless quantity which is a measure of the opacity of the medium.  

a)  For an optical depth of 2.0 in a certain medium, by what fraction is the intensity of an incident beam of radiation reduced upon passing through this medium?

b)  The transmission through the Earth’s atmosphere at visible wavelength is about 25%.  What is the optical depth of Earth’s atmosphere at visible wavelengths?
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Worksheet for Chap.10

The Sun: A Model Star

Exercise #1  

The 468.6 nm line of helium is observed in the spectrum of the Sun, which has an effective surface temperature 6000 K.  Take constants:  h = 6.6 x 10-34 J.s, k = 1.38 x 10-23 J/K,  mH = 1.67 x 10-27 kg, c = 3 x 108 m/s, atomic mass of He = 4 amu ( 4 mH.  Calculate:

a)    the root-mean-square velocity vrms of the helium atoms in the photosphere of the Sun.

b)    the width (( of the He 468.6 nm line, due to thermal (Doppler) broadening, in nm.

c)    the energy E of the photon which produces the He 468.6 nm line.

d)  the wavelength (max at which the peak flux of the Sun occurs, in nm.

e)  the scale height H of the helium atoms in the solar photosphere, in km.

Exercise #2 

The opacity and optical depth are related quantities in astronomy. The opacity has units m2/kg, and is defined in differential form by 


dF(  =  - k( ( F( dx 

or approximately, using differences,


(F(  (  - k( ( F( (x 

Then,


k(   (  -((F(/ F() /((x  

a)  Suppose that the solar photosphere has a depth of 300 km and average density 2 x 10-4 kg/m3.  If the incident flux at a certain wavelength is reduced by fraction 1/3 after passing through this layer, calculate the approximate opacity k( of the solar photosphere to radiation of this wavelength.  

b)  If k( < 1, the medium is said to be optically thin, otherwise it is optically thick.  Which is the case for photons with this wavelength?

Exercise #3
The optical depth (( of a medium is a dimensionless quantity which is related to the opacity k( via the relation


d((  =  k( ( dx

The reduction in the flux of radiation is then given by (see Exercise #2)

dF(  =  -F( d((     or     dF( / F(  =   -d((
For a uniform medium, integration yields

F((() / F((0)  =  e-( 

where F((0) is the original flux of the beam of radiation and F((() is the flux after passing through a medium with optical depth ((.  

a)   Find the optical depth (( for the solar photosphere at the wavelength which yields an emergent flux which is 1/10 of the initial flux.  

b)   What opacity k( does this correspond to, assuming the approximation ((  (  k( ( (x ?
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Worksheet for Chap.11

Stars: Distances and Magnitudes

Exercise #1  

A star has apparent magnitude +1.5 and parallax 0.12((  Calculate:

a)    the distance in pc.

b)  the distance modulus.

c)  the absolute magnitude M.

Exercise #2 

The absolute bolometric magnitude of a star is -6.0, while that for the Sun is +4.7.  Calculate its total luminosity in in solar luminosities and in W, where Lsun = 3.9 x 1026 W. 

Exercise #3
A star has color index B-V = +0.90.  What is its temperature, assuming it radiates like a blackbody?
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Worksheet for Chap.12

Stars: Binary Systems

Exercise #1  

A visual binary system contains components A and B, with visual magnitudes +3.6 and +5.2, respectively, and which orbit about a common center of mass at distance a(( = 1.50(( with a period 28.6 yr.  The parallax of the system is ((( = 0.12((.  Calculate:

a)  the distance d to this binary system in pc. 

b)  the distance a separating the components in AU.

c)  the sum of the masses (MA + MB) in solar masses. 

d)  the individual masses MA and MB, assuming aA = 0.67(( and aB = 0.83(( are the respective distances of masses A and B from the center of mass of the system, where a = aA + aB. 

e)    the absolute magnitudes MA and MB of the components.
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Worksheet for Chap.13

Stars: The Hertzsprung-Russell Diagram

Exercise #1  

The star ( Lyrae is classed as approximately A0 V. Using Figs. 13-6, 13-11, and 13-12, determine:

a)  the temperature T

b)  the most prominent elements visible in the spectrum

c)  the absolute visual magnitude Mv 

d)  the B-V color index (Note there is another way of getting this; see Chap. 11)

e)  the wavelength (max of peak radiative emission (from Wien’s law).

Exercise #2  

A main-sequence star has absolute visual magnitude Mv = -1.1, color index B-V = -0.16, and bolometric correction BC = -1.4.  Find the following quantities:

a)  the surface temperature of this star, using the empirical blackbody relation between B-V and T

b)  the approximate spectral class of this star, from Fig. 13-6.

c)  the absolute bolometric magnitude, Mbol (see Chap. 11) 

d)  the luminosity L*, in units of the solar luminosity Lsun (see Chap. 11)

e)  the radius R*, in units of the solar radius Rsun, assuming a blackbody

f)  the approximate mass M* from the mass-luminosity relation for main-sequence stars.  

Compare results above with the values given in Appendix Table A4-3. They should agree reasonably well.
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Worksheet for Chap.15

The Interstellar Medium & Star Birth

Exercise #1  

A star with spectral type A5 V has apparent visual magnitude mv = +10.8 and observed B-V color index (B-V)obs = +0.48.  Determine for this star: 

a)  the absolute magnitude Mv and intrinsic color index (B-V)int, using Appendix Table A4-3

b)    the color excess CE

c)    the total visual absorption Av, in magnitudes

d)    the distance to the star d, in pc, corrected for absorption

e)    the distance to the star d(, in pc,  had absorption been neglected.

Exercise #2  

A star embedded in a pure-H nebula with density nH ( ne  = 5 x 107 /m3. The star generates 1048 photons/s which are capable of ionizing H, and the recombination rate to all levels ( 2 in the nebula is ( 10-19 m3/s. Calculate the Stromgren radius RS in both m and pc for this nebula. 

Exercise #3  

Estimate the original size l of the nebula which formed the Pleiades star cluster, which contains an estimated 350 member stars. Taking a rough average of one solar mass for each star, assume a nebular composition of pure molecular H and an initial nebular temperature T ( 10 K. Express l in units of:        a) m   b) AU   c) pc   d) solar system radii (50 AU). 
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Worksheet for Chap.16

Stars: The Evolution of Stars

Exercise #1  

The lowest mass normal stars have masses ( 0.08 Msun = 1.6 x 1029 kg and radii ( 0.1 Rsun = 7 x 107 m.  Calculate for such stars: 

a)  the surface gravity g (in m/s2), and compare with the Sun’s surface gravity gsun = 274 m/s2.

b)  the mean density <(> (in kg/m3), and compare with the Sun’s mean density <(>sun = 1400 kg/m3.

c)  the central pressure, in both Pa and atm.

d)  the central temperature, assuming complete ionization, in K. 

e)  the expected lifetime t, using the given mass only, in yr.  Note tsun ( 1010 yr.

Exercise #2  

A star has mass 2.5 Msun  =  5.0 x 1030 kg, radius 2.0 Rsun = 1.4 x 109 m, and luminosity 40 Lsun  =  1.6 x 1028 W. The star is initially composed of 100% H and converts all of it to He, each chain of 4H ( He releasing an amount of energy (E = 4.3 x 10-12 J.  Calculate:

a)  the total number of H nuclei (protons) present in the entire star.

b)  the total number of 4H ( He chains available, based on the result of a).

c)  the total amount of energy available to the star from converting H to He. 

d)  the estimated total lifetime (in yr) of the star, based on the given luminosity & result of part c).

e)  the total amount of gravitational potential energy available Egrav ( GM2/R , & compare with c).
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Worksheet for Chap.17

Stars Deaths

Exercise #1  

A white dwarf star has mass M = 0.90 Msun = 1.8 x 1030 kg, radius R ( 0.01 Rsun = 7 x 106 m, internal temperature T = 5 x 106 K,  and luminosity L  = 10-3 Lsun.  It is composed of pure C (mC = 12 amu).  Calculate for this star: 

a)    the surface gravity g (in m/s2), and compare with the Sun’s surface gravity gsun = 274 m/s2.

b)    the mean density <(> (in kg/m3), and compare with the Sun’s mean density <(>sun = 1400 kg/m3.

c)    the total number of C nuclei contained in this white dwarf star.

d)  the total thermal energy Ethermal (in J) possessed by this white dwarf.

e)  the approximate cooling time tcool (in yr), using the given L and the result for Ethermal.

f)  the approximate gravitational redshift  ((/( for this white dwarf. 

g)  At what wavelength would the hydrogen H( line, rest wavelength 486.01 nm, be observed in this star?

Exercise #2  

A neutron star/pulsar has mass 2Msun = 4.0 x 1030 kg, radius 1.4 x 10-5 Rsun = 10 km, surface temperature 106 K, a rotation period 0.058 s, and spin-down rate dP/dt = 1 x 10-8 s/yr.  Calculate: 

a)    the surface gravity g (in m/s2), and compare with the Sun’s surface gravity gsun = 274 m/s2.

b)    the mean density <(> (in kg/m3), and compare with the Sun’s mean density <(>sun = 1400 kg/m3.

c)    the luminosity L (in Lsun) of the neutron star, based on its radius and temperature. Take Tsun = 5800 K 

d)    the estimated age t (in yr) of this neutron star.

e)    the Schwarzschild radius Rs (in km) for this neutron star.

f)  the approximate gravitational redshift ((/( for this neutron star. 

g)  At what wavelength (in nm) would the hydrogen H( line, rest wavelength 486.01 nm, be observed in this star?
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Worksheet for Chap.18

Variable & Violent Stars

Exercise #1  

Suppose a Type II supernova occurs at a distance of 8.0 pc (about the distance of the star Vega). Assume the absolute magnitude of a Type II supernova is –18. 

a)   Neglecting absorption, at what apparent magnitude will this supernova be seen from Earth?

b)   What is the luminosity L of this supernova, and compare it with that of the Sun Lsun = 4 ( 1026 W. 

c)   At what distance would this supernova have to occur so that it would just be visible to the unaided eye? (apparent magnitude m = +6).  Neglect absorption. 

d)   Repeat part c) but assume visual absorption of Av = 4 magnitudes along the line of sight. 

Exercise #2  

A massive star has an absolute magnitude –6.0 initially, then goes supernova and reaches absolute magnitude –17.  Calculate the factor by which the luminosity increases for this star. 

 Exercise #3  

A Cepheid variable in a hypothetical galaxy is observed to pulsate with a period P = 10 days, and its mean apparent visual magnitude is <m> = +18.  It is not known whether this is a pop I or pop II Cepheid.  

a)    Calculate the distance d1 to the Cepheid assuming it is a pop I object.  Neglect absorption.

b)    Calculate the distance d2 to the Cepheid assuming it is a pop II object.  Neglect absorption.
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Worksheet for Chap.20

The Evolution of Our Galaxy

Exercise #1  

a)   What would be the apparent magnitude of a star like our Sun if it were at the distance of the galactic center (8.5 kpc from the Sun)? 

b)   The Milky Way Galaxy contains 4 ( 1011 stars.  If we assume that each of  these stars has the same absolute bolometric magnitude as our Sun (Mbol = +4.7), what is the absolute magnitude of the whole Galaxy?  Compare this result with the apparent magnitude of the Sun, mbol (Sun) = -26.5.

Exercise #2  

Calculate the total energy of a spiral arm with mass 3 ( 108  Msun, which is expanding outward at 70 km/s. 
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Worksheet for Chap.22

Hubble’s Law & the Distance Scale

Exercise #1  

The H( line of hydrogen has rest wavelength 410.17 nm.  It is observed in a distant galaxy at 436.58 nm. Assume a Hubble constant H = 75 km/s.Mpc, where 1 Mpc = 3 x 1019 km.   Determine: 

a)  the redshift z of the galaxy

b)    the radial velocity of the galaxy, in km/s

c)    the distance to the galaxy, in Mpc, assuming z is small.

d)    the age of the universe t, in yr.

Exercise #2  

The Ca II K line has a rest wavelength of 393.3 nm, in the UV just shortward of the visible spectrum.  Assume a Hubble constant H = 75 km/s/Mpc.  Calculate:

a) the redshift z and velocity of recession V which a galaxy would need to possess to have this line shifted to a wavelength 400.0 nm, the approximate short wavelength limit of the visible spectrum.

b)    the distance to the galaxy in part a), in Mpc, noting z is small. 

c)    the redshift z and velocity of recession V which a galaxy would need to possess to have this line shifted to a wavelength 700.0 nm, the long wavelength limit of the visible spectrum.

d)    the distance to the galaxy in part c), in Mpc, noting z is large.
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Worksheet for Chap.23

The Large-Scale Structure of the Universe

Exercise #1  

Suppose that a cluster of galaxies has a mass of 2 ( 1012 Msun and occupies a volume of space with characteristic length 1 Mpc.  Assume Msun = 2 ( 1030 kg and 1 Mpc = 3 ( 1019 km.   Determine: 

a) the average density of matter (o in this region, assuming spherical distribution.

b)    the free-fall time to collapse for this cluster

c)    how the result of part b) compares with the age of the universe of  ( 15 ( 109 yr

Exercise #2  

RR Lyrae stars are old, population II variables with a mean absolute magnitude of M ( 0. Calculate the apparent magnitude of an RR Lyrae star located in:

a)  the Andromeda Galaxy, located at distance D = 0.63 Mpc.

b)    the Virgo Cluster, located at distance D = 15.7 Mpc. 

Exercise #3  

Calculate the distance to each of the following.  Assume H = 75 (km/s) / Mpc.  

a)    the Hydra-Centaurus supercluster, which has cosmological redshift cz = 3000 km/s. 

b) the Corona Borealis cluster, which has cosmological redshift cz = 21,600 km/s. 
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Worksheet for Chap.24

Active Galaxies & Quasars

Exercise #1  

A quasar is found to have a redshift of z = 2.4 and apparent visual magnitude of 19.5. Assume a Hubble constant H = 75 km/s.Mpc, where 1 Mpc = 3 x 1019 km.   Determine: 

a) the speed of recession of the quasar.

b)    the distance to the quasar.

c)    the intrinsic luminosity of the quasar relative to the Milky Way (LMW ( 2.5 x 1010 Lsun).

d)    the flux density in the V band.

Exercise #2  

The black hole at the center of a large elliptical galaxy may have a mass of ~ 108 Msun.  Calculate:

a) the Schwarzschild radius for this black hole. 

b)    the average density inside the Schwarzschild radius. 
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Worksheet for Chap.25

Cosmology

Exercise #1  

Assume the Hubble constant of 75 ( 15 (km/s) / Mpc.  Calculate the permissible ranges for: 

a)    the Hubble time (t0 ( H0-1)

b)    the size of the universe (rhor ( cH0-1)

c)    the critical mass density ((0 ( H02)

Exercise #2  

Calculate the age of the universe (assuming it is radiation-dominated) when its temperature was: 

a) 108 K

b) 106 K

c) 104 K

