AST 207 Homework 7 Answers Due 8§ November 2010

Often the lggest challenge to doing homework 15 to figure out the detaled steps. A more important
task 13 to think about what vou leamed After doing a problem, 1dentify the biz 1deas and the detals.

If vou cannot 1denhfy ﬂtatmu learned mmediately after doing a pmhlem, you will certamly not be
able to recall the ideas on a test.

1. Mizar, the first binary star discovered from the spectrum. Even though hMizar appearz to be a
single star, Pickermg™s spectnum showed it to be 2 binary star. You will need to refer to the
spectrum shown in class on Oct. 23, The speed of light is 3:10° km/'s.

a. (2 pts.) Lock at the drawing of the orbit of the binary star. Be certain o note the location
of the earth. Why 1z there only a single speciral line on 1 and 23 October and two speciral
Iines on other days?

On Oct 1 & 23, the motion 1= perpendicular to the line of sight, and the Doppler Effect 1s
sensitive only to motion parallel to the line of sight.

b. (2 pts.) Why 13 the HP line of hydrogen not at its laboratory wavelength even on
1 October?

Even though the orbital motion i1s perpendicular to the lme of zight on that day, there 1z a
component of the motion of the entire binary star system that 1s parallel to the line of

sight
c. (1l pt)Find the speed of the center of the binary star system
Pick the mohion on 1 Oct, when the Doppler Effect 13 entirely due to the motion of the
star system.
V= (A~ 1310 km/s (4861.13/4861 30 - 1)=-10 low/s (toward uz)
d. (1 pt) Find the orbital speed of one of the stars.
The relative speed of the two stars on 12 Oct yields taice the orbital speed.
M =€ (s P 1) — € Gz Maa— 1)= € (s Ve =31 Plomy'z (/4861 _30)
Vg = 02kom's
e. (0 [:rtsﬁ;l “E:hﬂt are the big 1deas needed to answer this question? (Y ou may want to do thiz
part first.

(1) The Doppler Effect 13 sensitrve only to the component of the motion towards or away
from the observer. (2) The Doppler formula relates the wavelengths observed and enitted
and the speed of the scurce.

2. Discovery of the first quasar. In 1962, Maarten Schrmdt observed the spectrum of an object that

emitted radio waves and visually looked like a star. Since stars do not enut radio waves, this was
a very unusual object. Heu-bﬁen'edthepart of the spectrum from 4860 A to 6030 A He found

spectral lines at 5371 A and 4974 A. You are going to figure out the redshift
a. Hint: the zame factor Agng /d1ap applies to every spectral line. (2 pt=.) Explam why.
There are two possible explanations. (1) According to Doppler, the factor dgng /Ayap 13
related to the speed of the source, which of course iz the same for every speciral line in

the source. (2) If the wavelength changes becanse of the expanzion of the universe, the

factor Agpg/Alap 15 the factor by which the universe expanded, which of course course i1z
the same for every spectral line in the source.

b. (3 pis.) Asswme O (romized oxygen with one eleciron removed) accounts for the line at
4974 A What then iz the redshift?
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z=4974/3727-1=1033

(1 pt.) Assume the redshift in part (a) 13 correct. What 1= the wavelength at which the line
He appears in the spectnum of the object?

3970 * 1.3346=15298
(2 pt=.) Why iz the identification of the line at 4974 A a= OI incorect?
M Schmidt did not zee a line at 5298 Hydrogen should be present in the spectrum

(4 ptz.) Now vou know the line at 4974 A is not due to OTL. Identify (determine the
element and the parhicular speciral line of that element) these two lmes and determime the

redzmft of thiz object. Note: Not all of the Imes m the table are present m all asironomical
objects. However, a lme mn the hydrogen senes cannot occur by itself.

Aszzume 4974 13 due to some other line element and line. Dio the same steps.
Alternatrvely, find the redshift for every azsumphion for the line at 4974 and the line at

35371: In columnsz 3 and 8 of the table are the inferred redzhift if the line 1z assumed to be the
one observed at 4974, Colummns 4 and 9 are the inferred redshift if the line 13 assumed to be
the one observed at 35371, The two obzerved hines are at the same redsoft 0146, 1f 4974 13
the Hy line of hydrogen and 5371 1z the HE line of hydrogen.

Tabla 2. Spectral lhnes of lydrogen and coorgen. Column 2 & 7: laboratory wavelengths, Col & 3:

redshift if the line 15 observed at 4974 Cold & 9: redshuft if the Ime 15 observed at 3371, Col3 &10:

Obzservad wavelensth 1f z=0.146.

Line | Wavelengih | = Z A Line | Wavelengih | z z |
4074 | 3371 | =z0146 4974 | 5571 | =0 146

Ho | 6562 0242|0151 | 7321 | Om | 3727 0335 | 0495 | 4271

Hp @ 4861 | 0.023 [ 0146 [ 5571 | Om | 5007 -0.007 | 0.113 | 5739

By | 4340 | 0.146 | 0284 [4974 |

Hs | 4101 0213 | 0358 | 4700

Hs | 3970 0233 | 0403 [ 4530

f (0 pts.) What are the big ideas needed to answer this question? (Y ou may want to do this
part first.)
The first big 1dea 1= n part (2). The second big 1dea 1z how the obzserved and emutted

wavelengths are related to redshift

Table 1. Spectral lnes of lydrogen and oxygen and their laboratory wavelensths, OI means
oxyzen with one electron removed, and OII1 13 comrgen with two electrons ramoved.

Line | Wavelength | Line | Wavelength
Ho | 6562 A oo |37274
Hp | 4861 A Om | 5007 &
Hy |4340A

Hs | 4101 &

He | 39704
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3. The present distance to Hoag s Object 1z 300 Mpe, and 1ts speed 13 18,000 lon's. For Hubble's
conztant, uze the value 60 km/sMpe (equal to 0.061/Byr). A Mpe iz 3.1:10° lan. A billion vears
15 3x10% 8.

a. (3 pts.) A billion vears apgo, Hoag's Object was moving away from us at about the same
speed. What 13 the reazon for that?

Without forces acting on it, Hoag's Object moves at the same speed according the
Newton's First Law. This 15 a uzeful approximation for distant chjects over times short
compared to the age of the universe.

b. (3 pts.) How far from us was Hoag's Object at that time?
Distance moved = speed = time = 18 000km/'s = 3 = 3x10** s=1_8x0x=1 (" lon
=1.8x9=10*° km /( is 3.1x10" kmMpc)=532Mpc.

Alternatively, speed = HD = 0.061/Byt 300 Mpc=18 3Mpe/Byt. The distance moved =
18 3Mpe/Byr=3Byr=33Mpe. (The numbers disagree shightly becanze of rounding errors: a billion
vears 1z 3. 1610 5.)

The distance 15 therefore 300-35=245Mpc

c. (1l pis.) What was the value of Hubble’s constant at that time? Is Hubble's constant a
constant (one that does not change with ime)?

H=v/D=18000km/=( 24 3hpcy=73km/s Mpe
d. (0 pts.) What 15 the big 1dea needed to answer this queshion? (Y ou may want to do this
part first.)

Part (a) has one big idea. Hubble's Law 1z the second big 1dea. The third big 1dea 1= that
the distance fraveled 13 the product of speed and time.



